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COLD-TOLERANT PLANTS EXPRESSING
MYBS3 AND DREB1A PROTEINS

RELATED APPLICATION
This application claims priority of U.S. Provisional Appli-

cation No. 61/370,351, filed on Aug. 3, 2010. The prior appli-
cation is incorporated herein by reference in its entirety.

BACKGROUND

Various plants, including most important food crops, are
not tolerant to cold. For example, rice seedlings are particu-
larly sensitive to chilling in early spring in temperate and

2

subtropical zones and in high elevation areas. Improvement
of chilling tolerance in rice or other food crops may signifi-
cantly increase their production. There is a need for cold-
tolerant plants.

SUMMARY

This invention relates to using transgenic technology to
generate cold-tolerant plants.

Accordingly, one aspect of this invention features a trans-
genic plant having a cell that has a MYBS3 gene expression
level that is higher than a wild type MYBS3 protein level.
Listed below is polypeptide sequence (SEQ ID NO: 1) and the
nucleic acid sequence (SEQ ID NO: 2) of rice OsMybS3:

1 ATCGATCGATCGATCTCCATAGGTGGGGGAAGGGAAGCTTTGGAAGGTGGAGGGACGGAG* (SEQ ID NO:
GGGGGGATGACGAGGCGGTGCTCGCACTGCAGCCACAACGGGCACAACTCGCGGACGTGC
M T R R ¢C 8 H C S HN G HDN S R T C

1)

121 CCCAACCGCGGGGTCAAGATCTTCGGGGTGCGCCTCACCGATGGCTCCATCCGCAAGAGT

P N R GV K I F GV R L TD GG S I R K 8
181 GCCAGCATGGGGAACCTCTCCCTCCTCTCCTCCGCCGCCGGATCCACCAGCGGCGGCGLT
A §$S M G N L 8 L L 8 S A A G S T S G G A
241 TCCCCCGCCGACGGCCCCGACGCCGCCCCCACCGCCGCCGACGGCTACGCCTCCGACGAC
s Pp A DG P DAAUPTAAD G Y A 8 DD
301 TTCGTCCAGGGCTTCTCCTCCGCCACCCGCGACCGCAAGAAGGGTGTTCCTTGGACTGAA
F v 9 G F §$ s A TR DR KK GGV P W T E
361 GAAGAACACCGGAGGTTTTTGCTTGGATTGCAAAAGCTTGGCAAAGGTGATTGGCGAGGA
E EH RIRVF L L G L Q@ KL G K GGD W R G
421 ATCTCTCGTAATTTCGTGGTCTCAAGAACACCTACTCAAGTAGCCAGTCATGCTCAGAAA
I §S R N F V vV 8 R T P T Q V A S H A Q K
481 TATTTTATACGCCAATCCAATATGACCAGAAGGAAAAGAAGGTCTAGCCTTTTTGACATG
Yy F I R Q 8 N M T R R KRR S8 8 L F D M
541 GTGCCAGATGAGTCTATGGACCTTCCACCACTTCCTGGAGGTCAAGAACCAGAGACCCAA
v p D ES M DL P P L P G G Q E P E T Q
601 GTATTAAATCAACCAGCACTACCTCCACCGAAGGAGGAAGAGGAGGTAGATTCTATGGAG
vV L N ¢ P A L P P P K E E E E V D 8 M E
661 TCAGATACTTCTGCCGTTGCAGAGAGCTCTTCCGCTTCTGCTATCATGCCAGATAATTTG
s D T S AV A E S S S A S A I M P DN L
721 CAGTCGACCTATCCAGTGATTGTTCCAGCTTATTTCTCGCCCTTTTTGCAATTCTCGGTT
Q s T Yy p V I VvV P A Y F 8 P F L Q F 8§ V
781 CCTTTCTGGCAAAATCAGAAAGATGAAGATGGTCCTGTGCAAGAAACACATGAGATTGTC
P F W Q N Q KD ED G P V Q E THE I V
841 AAGCCTGTTCCAGTTCATTCAAAGAGCCCAATCAACGTTGATGAGCTTGTTGGCATGTCG
XK p V P V S K S P I NV D EULV G M S
901 AAGCTCAGCATAGGAGAGTCCAATCAAGAGACAGAGTCTACTTCTCTTTCATTAAATCTG
K L s I 6 E S N Q E T E S T S L S8 L N L
961 GTAGGAGGTCAAAATAGACAATCAGCTTTCCATGCAAATCCACCAACAAGGGCACAGGCA
vV 66 G Qg NR Q 8 A F H A NUPPTIRA Q A

1021 TGATCTGGTTGTGCACACAACTGCATTTAGATGAATCCCAGGCAAAATAAGCTTTGCCTC

1081 CTTGTTTTTTTGTTTTTATTTTAAGATTAACCGTTCTCCGTAGTCTGTATCATGTGCTGT (SEQ ID NO: 2)

1141 AAGTTATGCTATGTATGAATGTATCTGTTGTTTGTCTGGCACACATGATAAATCACTCTA

1201 TGTTAACAAAATCAGTAATGGTAGTGCTGATCTTCGTGGTTGTACTGTTGTAAACTCTTT

1261 TATAAGAAAAAAAAATATTAGTTAGTC

In the above-described transgenic plant, the MYBS3 gene ¢5 (SEQID NO: 1). For example, the MYBS3 gene can be arice
encodes a polypeptide that is at least 40%, e.g., 50, 60, 70, 80, MYBS3 gene or its homologues, such as those from other
85, 90, 95, 98, 99, or 100% identical to rice MYBS3 protein plants (e.g., maize, wheat, barley, sorghum, sugarcane, turf



US 8,859,851 B2
3

grass, Miscanthus, switchgrass, soybean, canola, potato,
tomato, bean, pea, or jatropha). The exemplary homologues
are listed below:

> At5g47390 (DNA)

(SEQ ID NO: 43)
ATGACTCGTCGATGTTCTCACTGCAATCACAATGGCCACAACTCTCGGACTTGTCCCAATCGCGG
CGTGAAGCTCTTTGGTGTTCGGCTCACCGAAGGTTCGATCCGGAAAAGTGCAAGTATGGGTAATC
TTAGCCATTACACGGGTTCTGGATCGGGTGGGCATGGAACCGGGTCCAACACTCCGGGTTCTCCG
GGTGATGTCCCTGACCATGTCGCTGGTGATGGTTACGCTT CTGAGGATTTCGTTGCTGGCTCTTC
CTCTAGCCGCGAGAGAAAGAAAGGAACTCCATGGACAGAGGAAGAACACAGGATGTTCTTATTAG
GTTTACAGAAGCTGGGTAAAGGTGATTGGAGAGGTATC TCAAGAAACTATGTGACCACTAGGACA
CCTACACAAGTTGCTAGCCATGCTCAGAAGTATTTCATCAGACAATCCAATGTCTCTCGTCGCAA
AAGACGTTCTAGTCTCTTTGATATGGT TCCTGATGAGGTTGGAGATATTCCCATGGATTTGCAAG
AACCAGAGGAAGATAATATTCCTGTGGAAACTGAAATGCAAGGTGCTGACTCTATTCATCAGACA
CTTGCTCCTAGCTCACTTCACGCACCGTCAATCTTGGAAATCGAAGAATGTGAATCAATGGACTC
CACAAACTCTACCACCGGGGAACCAACCGCAACTGCCGCTGCTGCTTCTTCTTCTTCCAGACTAG
AAGAAACCACACAACTGCAATCACAACTGCAACCGCAGCCGCAACTACCTGGCTCATTCCCCATA
CTATATCCGACCTACTTTTCACCATATTACCCGTTTCCATTCCCAATATGGCCTGCTGGTTATGT
TCCTGAACCACCCAAGAAAGAGGAAACTCATGAAAT TCTCAGACCAACTGCTGTGCACTCGAAAG
CTCCTATCAATGTTGACGAGCTTCTTGGTATGTC TAAGCTCAGCCTTGCAGAGTCCAACAAACAT
GGAGAATCCGATCAGTCTCTTTCAT TGAAGCTAGGTGGCGGGTCATCTTCAAGACAATCAGCATT
TCACCCGAATCCTAGCTCTGATAGT TCAGACATCAAAAGCGTGATACACGCTTTATAAAAGACCT
GAGGAAGTGATGGTCTAAAATGGG
>At5g47390 (Protein)

(SEQ ID NO: 44)
MTRRCSHCNHNGHNSRTCPNRGVKLFGVRLTEGS IRKSASMGNLSHY TGSGSGGHGTGSNTPGSP
GDVPDHVAGDGYASEDFVAGS SSSRERKKGTPWT EEEHRMFLLGLQKLGKGDWRGI SRNYVTTRT
PTQVASHAQKYFIRQSNVSRRKRRS SLFDMVPDEVGDI PMDLQEPEEDNIPVETEMQGADSIHQT
LAPSSLHAPSILEIEECESMDSTNS TTGEPTATAAAASSSSRLEETTQLQSQLOPQPQLPGSFPI
LYPTYFSPYYPFPFPIWPAGYVPEPPKKEETHEI LRPTAVHSKAPINVDELLGMSKLSLAESNKH
GESDQSLSLKLGGGSSSRQSAFHPNPSSDSSDIKSVIHAL
> At3gl6350 (DNA)

(SEQ ID NO: 45)
ATGACTCGTCGGTGTTCGCATTGTAGCAACAATGGGCACAATTCACGCACGTGTCCAACGCGTGE
TGGTGGCACGTGCGGTGGAAGTGGCGGAGGAGGAGGAGGTGETGGTGGAGGAGGGTCTGGTTCCT
CCTCCGCCGTGAAGTTATT TGGTGTGAGGT TAACGGATGGCTCGATTAT TAAAAAGAGTGCGAGT
ATGGGTAATCTCTCGGCATTGGC TGTTGCGGCGGCGGCGGCAACGCACCACCGTTTATCTCCGTC
GTCTCCTCTGGCGACGTCAAATCTTAATGATTCGCCGTTATCGGATCATGCCCGATACTCTAATT
TGCATCATAATGAAGGGTATT TATCTGATGATCCTGCTCATGGTTCTGGGTCTAGTCACCGTCGT
GGTGAGAGGAAGAGAGGTGTTCCTTGGACTGAAGAGGAACATAGACTATTCTTAGTCGGTCTTCA
GAAACTCGGGAAAGGAGAT TGGCGCGGTATTTCGAGAAACTATGTAACGTCAAGAACTCCTACAC
AAGTGGCTAGTCATGCT CAAAAGTATT TTATT CGACATACTAGTTCAAGCCGCAGGAAAAGACGE

TCTAGCCTCTTCGACATGGTTACAGATGAGATGGTAACCGATTCATCGCCAACACAGGAAGAGCA

GACCTTAAACGGTTCCTCTCCAAGCAAGGAACCTGAAAAGAAAAGCTACCTTCCTTCACTTGAGC



US 8,859,851 B2
5

-continued
TCTCACTCAATAATACCACAGAAGC TGAAGAGGTCGTAGCCACGGCGCCACGACAGGARRAATCT

CAAGAAGCTATAGAACCATCAAATGGTGTTTCACCAATGCTAGTCCCGGGTGGCTTCTTTCCTCC
TTGTTTTCCAGTGACTTACACGATTTGGCTCCCTGCGTCACTTCACGGAACAGAACATGCCTTAA
ACGCTGAGACTTCTTCTCAGCAGCATCAGGTCCTAAAACCAAAACCTGGATTTGCTAAAGAACGT
GTGAACATGGACGAGTTGGTCGGTATGTCTCAGC TTAGCATAGGAATGGCGACAAGACACGAAAC
CGAAACTTCCCCTTCCCCGCTATCTTTGAGACTAGAGCCCTCAAGGCCATCAGCGTTTCACTCGA
ATGGCTCGGTTAATGGTGCAGAT TTGAGTAAAGGCAACAGCGCGATTCAGGCTATCTAA
>At3gl635 (Protein)

(SEQ ID NO: 46)
MTRRCSHCSNNGHNSRTCPTRGGGT CGGSGGGGGGGGEGESGS SSAVKLFGVRLTDGS I IKKSAS
MGNLSALAVAAAAATHHRL SPSSPLATSNLNDSPLSDHARYSNLHHNEGYLSDDPAHGSGSSHRR
GERKRGVPWTEEEHRLFLVGLQKLGKGDWRGI SRNYVTSRTPTQVASHAQKYF IRHTSSSRRKRR
SSLFDMVTDEMVTDSSPTQEEQTLNGS SPSKEPEKKSYLPSLELSLNNTTEAEEVVATAPRQEKS
QEAIEPSNGVSPMLVPGGFFPPCFPVTYTIWLPASLHGTEHALNAETSSQQHQVLKPKPGFAKER
VNMDELVGMSQLSIGMATRHETETSPSPLSLRLEPSRPSAFHSNGSVNGADLSKGNSAIQAT
> GRMZM2G034110 TO01l (DNA)

(SEQ ID NO: 47)
ATGACGCGGCGGTGCTCGCACTGCAGCCACAACGGGCACAACTCGCGGACGTGCCCCAACCGCGE
GGTCAAGATCTTCGGGGTGCACCTCACCGATGGC TCGGCCATCCGCAAGAGCGCGAGCATGGGGA
ACCTCTCCCTCCTCTCCGCGGGATCCACCAGCGGCGGCGCGTCCCCCGCCGACGGGCCCGACCTC
GCCGACGGCGGCGGGEGECTACGCCT CCGACGACT TCGTCCAGGGGTCGTCCTCCGCCAGCCGCGA
TCGAAAGAAAGGTGTTCCTTGGACTGAAGAAGAACACCGGAGGTTTTTGCTGGGAT TACAAAAGC
TCGGGAAAGGGGATTGGCGAGGAAT TTCTCGTAATT TTGTGGTCTCAAGAACACCTACTCAAGTA
GCAAGTCATGCTCAAAAGTATTTTATACGCCAAT CAAATATGAGCAGAAGGAAGAGAAGGTCTAG
CCTTTTCGACATGGTTCCTGATGAGTCCATGGACCTTCCGCCCCTTCCTGGAAGTCAAGAACCAG
AGACCTCAATGTTAAATCAACCGCCACTGCCTCCTGCTGTGGAGGAGGAGGTGGAATCGATGGAG
TCAGATACTTCTGCTGTCGCAGAGAGT TCTGGAGCT TCTGCTCTCATGCCCGAGAGTTTACAGCC
TACCTATCCGATGATTGTTCCAGCTTATTTCTCGCCGTTCTTGCAATTCTCAGTTCCTTTCTGGC
CAAATCAGGAAGATGGAGGCGATCTTCCCCAAGARACACACGAGATTGTCAAGCCTGTTGCAGTT
CATTCCCAGAATCCAATTAATGT TGATGAACTCGTGGGCATGTCAAAGCTAAGCATATGGGAGCA
TGGTCAGGAGACAGTGTCTACTTCTCTGTCGCTARATCTGCTAGGGGGTCAAAATAGGCAGTCGG
CTTTCCATGCAAACCCTCAAACAAGAGCTCAAGCCTGA
>GRMZM2G034110_T01 (Protein)

(SEQ ID NO: 48)
MTRRCSHCSHNGHNSRTCPNRGVKI FGVHLTDGSAIRKSASMGNLSLLSAGSTSGGASPADGPDL
ADGGGGYASDDFVQGSS SASRDRKKGVPWTEEEHRRFLLGLQKLGKGDWRGISRNFVVSRTPTQV
ASHAQKYFIRQSNMSRRKRRS SLFDMVPDESMDLPPLPGSQEPETSMLNQPPLPPAVEEEVESME
SDTSAVAESSGASALMPESLQPTYPMIVPAYFSPFLQFSVPFWPNQEDGGDLPQETHEIVKPVAV
HSQNPINVDELVGMSKLSIWEHGQETVSTSLSLNLLGGONRQSAFHANPQTRAQA
> GRMZM2G020934_TO1 (DNA)

(SEQ ID NO: 49)
ATGGCTCGGCCATCCGCAAGAGCGCAAGCATGGGGAACCTCTCCCTCCTCTCCGCGGGGTCAACC
AGCGGCGGCGCGTCGECCCGCCGACGGECCCGACCTCGC CGACGGCGGCGGEGGCTACGCCTCCGA

CGACTTCGTCCAGGGGTCGTCCTCCGCCAGCCGCGAGCGTAAGAAAGGTGTTCCTTGGACTGAAG

AAGAACACCGGAGGTTTTTTGCTGGGGATTACAAAAAGCT TGGGGAAAGGTGATTGGCGAGGGGA
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-continued

TTTTCTCGTAATTTTCGTGGT CTCAAAGAACACCCTACTCAAAGTAGCAAAGT CATGCTCARAAA
ATATTTTTATACGTCAAATCAAATATGAGCAGAAGGGAAGAGAAGGTCTAGCCTTTTTTGACATG
GTGCCTGATGAGTCCATGGACCTTCCACCCCTTCCTGGAAGTCAAGAGCCAGAGACCTCAGTGTT
AAATCAACCACCACTGCCTCCCCCTGTGGAGGAGGAGGAGGAGGTGGAATCGATGGAGTCAGATA
CTTCTGCTGTTGCGGAGAGTT CTGCAGCTTCAGCTCTTATGCCCGAGAGTTTACAGCCTACCTAT
CCGATGATTGTTCCAGCTTATTTCTCACCGTTCTTGCAATTCTCAGTTCCTTTCTGGCCAAATCA
GGAAGATGGAGGTGATCTGCCTCAAGAAACGCACGAGATTGTCAAGCCTGTTGCAGTTCATTCCA
AGAATCCAATTAATGTTGATGAACTTGTGAGCATGTCAAAGCTAAGCATAGGGGAGCCTGGTCAG
GAAACGGTGTCTACTTCTCTGTCGT TARATCTGC TGGTGGGTCAAAATAGGCAGTCGGCCTTCCA
TGCAAATCCTCAAACGAGGGCTCAAGCTTGA

>GRMZM2G020934_T01 (Protein)

(SEQ ID NO: 50)
MARPSARAQAWGTSPSSPRGQPAAARRPPTGPTS PTAAGATPPTTSSRGRPPPAASVRKVFLGLK
KNTGGFLLGI TKSLGKGDWRGDFLV IFVVSKNTLLKVAKS CSKNIFIRQIKYEQKGREGLAFFDM
VPDESMDLPPLPGSQEPETSVLNQPPLPPPVEEEEEVESMESDTSAVAESSAASALMPESLQPTY
PMIVPAYFSPFLQFSVPFWPNQEDGGDLPQETHE IVKPVAVHSKNPINVDELVSMSKLSIGEPGQ
ETVSTSLSLNLLVGQNRQSAFHANPQTRAQA
> Sb01g029020.1 (DNA)

(SEQ ID NO: 51)
ATGACGCGGCGGTGCTCGCACTGCAGCCACAACGGGCACAACTCGCGGACGTGCCCCAACCGCGE
GGTCAAGATCTTCGGGGTGCGCCTCACCGATGGC TCCGCCATCCGCAAGAGCGCCAGCATGGGGA
ACCTCTCCCTCCTCTCCGCGGGATCCACCAGCGGCGGCGCGTCCCCCGCCGACGGGCCCGACCTC
GCCGACGGCGGCGCCGEGEGATACGCCTCCGACGACTTCGTCCAGGGCTCCTCCTCCGCCAGCCG
CGAGCGCAAGAAAGGTGTTCCTTGGACTGAAGAAGAACACCGGAGGTTTTTGCTGGGATTACAAA
AGCTTGGGAAAGGTGAT TGGCGAGGAATTTCTCGTAAT TTCGTGGTCTCAAGAACACCTACTCAA
GTAGCAAGTCATGCTCAAAAATATT TTATACGTCAATCAAATATGAGCAGAAGGAAGAGAAGGTC
TAGCCTTTTTGACATGGTGCCTGATGAGTCCATGGACCTTCCACCCCTTCCTGGAAGTCAAGAAC
CAGAGACCTCAGTGTTAAATCAAGCACCACTGCCGCCTCCTGTGGAGGAGGAGGTGGAATCAATG
GAGTCAGATACTTCTGCTGTTGCAGAGAGTTCTACGGCTTCTGCTCTCATGCCCGAGAGTTTACA
ACCTAATTATCCGATGATTGTTCCAGCTTATTTCTCACCGTTCTTGCAATTCTCAGTTCCTTTCT
GGCCAAATCAGGAAGATGGAGGCGATCTGCCCCAAGAAACACACGAGATTGTCAAGCCTGTGGCA
GTTCATTCCAAGAATCCAATTAATGTTGATGAAC TTGTGGGCATGTCAAAGCTAAGCATAGGGGA
GCCTGGTCAGGAGACAGTTTCTACT TCTCTGTCGCTAAAT CTGCTAGGGGGTCAAAATAGGCAGT
CGGCTTTCCATGCAAATCCTCAAACGAGAGCTCAAGCCTGA
>Sb01g029020.1 (Protein)

(SEQ ID NO: 52)
MTRRCSHCSHNGHNSRTCPNRGVKI FGVRLTDGSAIRKSASMGNLSLLSAGSTSGGASPADGPDL
ADGGAGGYASDDFVQGS SSASRERKKGVPWTEEEHRRF LLGLQKLGKGDWRGI SRNFVVSRTPTQ
VASHAQKYFIRQSNMSRRKRRSSLFDMVPDESMDLPPLPGSQEPETSVLNQAPLPPPVEEEVESM
ESDTSAVAESSTASALMPESLQPNYPMIVPAYFSPFLQFSVPFWPNQEDGGDLPQETHEIVKPVA

VHSKNPINVDELVGMSKLSIGEPGQETVSTSLSLNLLGGONRQSAFHANPQTRAQA

>Sb03g003270.1 (DNA)
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-continued
(SEQ ID NO: 53)
ATGACGCGGAGGTGCTCGCACTGCAGCAACAACGGCCACAACTCGCGCACCTGCCCCGCCCGCTC

CGGCGGCGGGETGAGGCTATT TGGCGTGCGCCTCACAACGGCGCCGGCTCCGGCGGCGATGAAGA
AGAGCGCCAGCATGAGCTGCATCGCGTCCTCGCTCGGEGGCEGETCCGGGEGCTCGTCGCCGCCE
GCGGGAGGAGTGGGTGETGGCAGGGGAGGAGGAGACGGCGGGGCCGGECTACGTCTCCGATGATCC
CGGGCACGCCTCCTGCTCGACGAATGGCCGCGTCGAGCGGAAGAAAGGTACACCTTGGACTGAAG
AAGAGCATAGAATGTTTCTGATGGGTCTTCAGAAGCTTGGTAAGGGAGATTGGCGCGGGATATCT
CGAAACTTTGTTGTTTCCAGGACCCCGACTCAAGTGGCAAGCCATGCTCAAAAGTACTTTATTAG
ACAGACAAACTCATCAAGACGGAAGAGGCGGT CAAGCT TGTTTGACATGGT TGCAGAARATGCCAG
TAGACGAGTCCCTAGCTGCTGCGGAACAAATTACTATCCAAAATACT CAAGATGAAGCTGCAAGT
TCAAATCAACTGCCGACCTTACATCTTGGGCATCAGAAGGAAGCAGAGTTTGCTAAGCAAATGCC
AACTTTTCAGCTAAGGCAGCATGAGGAATCTGAATATGCAGAACCTTCATTGACATTACCAGATT
TAGAGATGAACTCCAGTGTACCATTCAATACCATAGCTGT TCCGACGATGCCAGCATTCTACCCT
GCGTTGGTCCCTGTTCCACTAACTCTTTGGCCTCCAAGTGTTGCCCATGTGGAGGACGCAGGCAC
AACCCATGAAATCCTAAAACCAACTCCTTTGAATGGTAAGGAGGTGATTAAAGCAGATGATGTTG
TTGGTATGTCTAAGCTCAGCATTGGTGAGGCCAGCT CTGGCTCCATGGAACCCACAGCTCTTTCC
CTTCAGCTTATTGGATCGACAGATACAAGGCAGTCAGCTTTTCATGTGAGT CCACCAATGAATAG
ACCTGAACTAAGCAAGAGAAACAGCAGTCCAATTCATGCCGTTTGA

>Sb03g003270.1 (Protein)

(SEQ ID NO: 54)
MTRRCSHCSNNGHNSRTCPARSGGGVRLFGVRLT TAPAPAAMKKSASMSCIASSLGGGSGGSSPP
AGGVGGGRGGGDGGAGYVSDDPGHASCSTNGRVERKKGTPWTEEEHRMFLMGLQKLGKGDWRGI S
RNFVVSRTPTQVASHAQKYFIRQTNSSRRKRRSSLFDMVAEMPVDESLAAAEQITIQNTQDEAAS
SNQLPTLHLGHQKEAEFAKQMPTFQLROHEESEYAEPSLTLPDLEMNSSVPFNTIAVPTMPAFYP
ALVPVPLTLWPPSVAHVEDAGTTHEILKPTPLNGKEVIKADDVVGMSKLSIGEASSGSMEPTALS
LQLIGSTDTRQSAFHVS PPMNRPELSKRNS SPIHAV
> Glymal7gl5330.1 (DNA)

(SEQ ID NO: 55)
ATGACGCGGCGTTGCTCGCATTGCAGCCACAATGGGCACAACTCAAGAACTTGCCCTAACCGCGE
GGTGAAGCTCTTCGGGGTCCGATTAACCGATGGGTCGATC CGGAAGAGTGCTAGCATGGGCAATC
TAACCCACTATGCCGGTTCCGGGTCGGGTCCACTCCATACCGGGTTGAATAACCCCGGTTCGCCC
GGGGAAACCCCCGATCATGCCGCCGCAGTCGCCGACGETTACTTGTCCGAGGACTTCGTTCCCGG
GTCTTCTTCTAGCTCCCGTGAAAGAAAGAAGGGTGT TCCATGGACTGAGGAGGAACATAGAATGT
TTTTACTCGGATTGCAGAAGC TGGGCAAAGGTGATTGGCGTGGAATTGCAAGGACCTATGTTATA
TCAAGGACACCTACTCAAGTGGCTAGCCATGCTCAGAAATATTTCATCAGGCAGAGCAATGTGTC
CAGGCGGAAAAGACGGTCCAGCTTGTT TGATATTGT TGCAGATGAAGCAGCTGACACTGCAATGG
TACAGCAAGACTTCTTGTCTGCTAATCAGT TACCCACTGAAACAGAAGGCAATAACCCCTTGCCA
GCTCCTCCTCCCCTCGACGAAGAGTGCGAATCCATGGATT CCACAAACT CARATGATGGAGAGCC
TGCCCCATCAAAGCCAGAAAACACACAGTCATCTTATCCAATGTTATATCCTGCATATTATTCTC
CGGTGTTCCCGTTTCCTCTGCCCTATTGGT CAGGATACAGTCCAGAGTCCACCAAGAAGGAGGAG
ACACATGAAGTACTGAAGCCAACTGCAGTTCATTCTAAAAGCCCTATCAATGT TGATGAACTGGT

TGGCATTTCAAAATTGAGT TTAGGGGAGTCTATTGGTGACTCTGGTCCCTCCTCTCTGTCTCGAA

10
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AACTTATCGAAGAAGGACCCTCTAGACAGTCAGCTTTTCATGCAACACCGACATGTGGCAGTTCA
AATGGCAGTGCCATCCATGCAGTTTAA
>Glymal7gl5330.1 (Protein)

(SEQ ID NO: 56)
MTRRCSHCSHNGHNSRTCPNRGVKLFGVRLTDGS IRKSASMGNLTHYAGSGSGPLHTGLNNPGSP
GETPDHAAAVADGYLSEDFVPGSSSSSRERKKGVPWTEEEHRMFLLGLQKLGKGDWRGIARTYVI
SRTPTQVASHAQKYFIRQSNVSRRKRRSSLFDIVADEAAD TAMVQQDFLSANQLPTETEGNNPLP
APPPLDEECESMDS TNSNDGEPAPSKPENTQS SYPMLYPAYYSPVFPFPLPYWSGYSPESTKKEE
THEVLKPTAVHSKSPINVDELVGISKLSLGES IGDSGPSSLSRKLIEEGPSRQSAFHATPTCGSS
NGSAIHAV
> Glyma05g04950.1 (DNA)

(SEQ ID NO: 57)
ATGACGCGGCGTTGCTCGCATTGCAGCCACAATGGGCACAACTCCAGAACCTGCCCTAACCGCGE
GGTTAAGCTCTTCGGGGTCCGATTAACCGACGGGTCGATC CGGAAGAGCGCCAGCATGGGCAACC
TAACCCACTACGCTGGTTCCGGGTCGGCCCCGCTCCATGTCGGGTTGAATAACCCGGGTTCACCC
GGGGAGACGCCCGATCACGCCGCCGCCGCCGCCGACGECTACGCCTCCGAGGACTTCGTTCCCGE
GTCTTCTTCTAGCTCCCGTGAAAGAAAGAAGGGTGT TCCATGGACTGAGGAGGAACATAGAATGT
TTTTGCTCGGATTGCAGAAGC TGGGCAAAGGTGATTGGCGTGGAATTGCAAGGAACTATGTTATA
TCAAGGACGCCTACTCAAGTGGCCAGCCATGCTCAGAAATATTTCATCAGGCAAAGCAATGTGTC
CAGGCGAAAAAGACGGTCCAGCTTGTT TGATATTGT TGCAGATGAAGCAGCTGACACTGCAATGG
TACAGCAAGACTTCTTGTCTGCTAATGAGT TACCAACTGAAACAGAAGGCAATAACCCCTTGCCT
GCTCCTCCTCCCCTCGATGAAGAGTGTGAATCAATGGATT CCACAAACT CARATGATGGAGAGCC
TGCCCCATCAAAGCCAGAAAACACACATCCATCTTATCCTATGTTATATCCTGCGTATTATTCTC
CAGTGTTCCCGTTTCCTCTGCCCTATTGGT CAGGATACAGTCCAGAGCCCACCAAGAAGGAGGAA
ACACATGAAGTGCTGAAACCAACTGCAGTACATTCTAAAAGCCCTATCAATGT TGATGAACTGGT
TGGCATATCAAAACTGAGT TTAGGGGAGTCTATTGGTGACTCGGGTCCCTCCACCCTGTCTCGAA
AACTTATTGAAGAAGGACCCTCTAGACAATCAGCTTTTCATGCAACACCAACATGTGGTGATATG
AATGGCAGTGCCATCCATGCAGTTTAA
>Glyma05g04950.1 (Protein)

(SEQ ID NO: 58)
MTRRCSHCSHNGHNSRTCPNRGVKLFGVRLTDGS IRKSASMGNLTHYAGSGSAPLHVGLNNPGSP
GETPDHAAAAADGYASEDFVPGSSSSSRERKKGVPWTEEEHRMFLLGLQKLGKGDWRGIARNYVI
SRTPTQVASHAQKYFIRQSNVSRRKRRSSLFDIVADEAAD TAMVQQDFLSANELPTETEGNNPLP
APPPLDEECESMDS TNSNDGEPAPSKPENTHPSYPMLYPAYYSPVFPFPLPYWSGYSPEPTKKEE
THEVLKPTAVHSKSPINVDELVGISKLSLGES IGDSGPSTLSRKLIEEGPSRQSAFHATPTCGDM
NGSAIHAV
> GSVIVT00013475001 (DNA)

(SEQ ID NO: 59)
ATGACTCGCCGCTGCTCGCATTGCAGTCACAACGGGCACAATTCCAGGACATGCCCCAACCGCGE
GGTCAAGATCTTCGGGGTT CGATTGACTGATGGGTTGATC CGTAAGAGTGCTAGTATGGGCAATC
TCAGCCACTACGCCGGGTCGACCTCTGGTCATCATCAGAACGGCGTTTCCGGTAACAATTCGGTC
TCTCCCGGAGAGACTCCAGAGCACGGCGCCGCGECCGATGGATACGCCTCCGAGGGTTTCGTTCC

CGGTTCATCATCCAGCCGGGAGCGCAAGAAAGGCACTCCATGGACTGAAGAGGAACACAGAATGT

TTCTACTTGGACTGCAGAAGCTTGGAAAAGGGGATTGGCGTGGAATTTCACGTAATTATGTTATA

12
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TCAAGGACACCTACTCAAGTCGCCAGCCATGCTCAGAAATATTTCATCAGGCARACTAATGTGTC

TAGGAGAAAAAGACGGTCCAGCTTGTT TGATATTGTAGCTGATGAATCTGT CGACACTCCAATGG
TATCACGGGATTTCTTCTCCACCAACCCTTCGCAAGCTGAAACACTAAGCAATAACCCATTGCCT
GTTCCTCCGGCTCTGGATGAAGAATGTGAATCAATGGATT CTACCAACTCGAATGATGGAGAACC
GCCCATTCCAAAGCCGGATGGCTTACAAGGCTGT CCCCCAGTAATATATCCTACTTATTTCTCAC
CATTCTTCCCATTTTCTTTTCCATTCTGGCCGGGAAACAGTTCAGAGCCAACTAAAATGGAGACT
CATGAGGTGCTTAAGCCAACAGCTGTACATTCTAAGAGTCCAATCAATGTTGATGAGCTGGTTGG
CATGTCAAAACTGAGTTTAGGAGAATCCATCGGTCATGCTGGTCCCTCCTCTCTCACACTGAAAC
TGCTTGAAGGGT CAAGCAGGCAATCTGCTTTCCATGCTAATCCAGCCTCTGGCAGTTCAAGCATG
AACTCGAGCGGCAGTCCAATCCATGCAGTTTGA

>GSVIVT00013475001 (Protein)

(SEQ ID NO: 60)
MTRRCSHCSHNGHNSRTCPNRGVKI FGVRLTDGL IRKSASMGNLSHYAGSTSGHHONGVSGNNSV
SPGETPEHGAAADGYASEGFVPGSSSSRERKKGTPWTEEEHRMFLLGLQKLGKGDWRGISRNYVI
SRTPTQVASHAQKYFIRQTNVSRRKRRSSLFDIVADESVDTPMVSRDFFSTNPSQAETLSNNPLP
VPPALDEECESMDS TNSNDGEPPIPKPDGLQGCPPVIYPTYFSPFFPFSFPFWPGNSSEPTKMET
HEVLKPTAVHSKSPINVDELVGMSKLSLGESIGHAGPSSLTLKLLEGSSRQSAFHANPASGSSSM
NSSGSPIHAV
> GSVIVT00012218001 (DNA)

(SEQ ID NO: 61)
ATGACTCGCCGCTGCTCGCATTGCAGTCACAACGGGCACAATTCCAGGACATGCCCCAACCGCGE
GGTCAAGATCTTCGGGGTT CGATTGACTGATGGGTTGATC CGTAAGAGTGCTAGTATGGGCAATC
TCAGCCACTACGCCGGGTCGACCTCTGGTCATCATCAGAACGGCGTTTCCGGTAACAATTCGGTC
TCTCCCGGAGAGACTCCAGAGCACGGCGCCGCGECCGATGGATACGCCTCCGAGGGTTTCGTTCC
CGGTTCATCATCCAGCCGGGAGCGCAAGAAAGGCACTCCATGGACTGAAGAGGAACACAGAATGT
TTCTACTTGGACTGCAGAAGC TTGGAAAAGGGGATTGGCGTGGAATTTCACGTAATTATGTTATA
TCAAGGACACCTACTCAAGTCGCCAGCCATGCTCAGAAATATTTCATCAGGCAAACCAATGTGTC
TAGGAGAAAAAGACGGTCCAGCTTGTT TGATATTGTAGCTGATGAATCTGT TGACACTCCAATGG
TATCACGGGATTTCTTCTCCACCAACCCTTCGCAAGCTGAAACACTAAGCAATAACCCATTGCCT
GTTCCTCCGGCTCTGGATGAAGAATGTGAATCAATGGATT CTACCAACTCGAATGATGGAGAACC
ACCCATTCCAAAGCCGGATGGCT TACAAGGCTGTCCCCCAGTAATATATCCTACTTATTTCTCGC
CATTCTTCCCATTTTCTTTTCCATTCTGGCCGGGAAACAGTTCAGAGCCAACTAAAATGGAGACT
CATGAGGTGCTTAAGCCAACAGCTGTACATTCTAAGAGTCCAATCAATGTTGATGAGCTGGTTGG
CATGTCAAAACTGAGTTTAGGAGAATCCATCGGTCATGCTGGTCCCTCCTCTCTCACACTGAAAC
TGCTTGAAGGGT CAAGCAGGCAATCTGCTTTCCATGCTAATCCAGCCTCTGGCAGTTCAAGCATG
AACTCGAGCGGCAGTCCAATCCATGCACCCAATGGGAAGATTCTGCTGGTATGGAGATTGTAG
>GSVIVT00012218001 (Protein)

(SEQ ID NO: 62)
MTRRCSHCSHNGHNSRTCPNRGVKI FGVRLTDGL IRKSASMGNLSHYAGSTSGHHONGVSGNNSV
SPGETPEHGAAADGYASEGFVPGSSSSRERKKGTPWTEEEHRMFLLGLQKLGKGDWRGISRNYVI
SRTPTQVASHAQKYFIRQTNVSRRKRRSSLFDIVADESVDTPMVSRDFFSTNPSQAETLSNNPLP
VPPALDEECESMDS TNSNDGEPPIPKPDGLQGCPPVIYPTYFSPFFPFSFPFWPGNSSEPTKMET

HEVLKPTAVHSKSPINVDELVGMSKLSLGESIGHAGPSSLTLKLLEGSSRQSAFHANPASGSSSM

NSSGSPIHAPNGKILLVWRL
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> LjT37H17.80.nd (DNA)

(SEQ ID NO: 63)
ATGACCCGGCGATGCTCGCATTGCAGCCATGGTGGCCACAACGCCAGGACCTGCCCCAACCGCGE
AGTCAAGCTTTTCGGTGTCCGAT TGACTGATGGCTCGATCCGGAAGAGTGCTAGTATGGGTAATC
TCACCCACTACACTGGCTCCGGGTCTGGACCTCTTCTTGGTGGGTCCAATAACCCTGATTCTCCC
GGTGAAACCCCTGATCACGCCGCCGCTGCTGACGGTTACGCCTCTGAGGATTTTGTTCCTGGCTC
TTCTTCTAGCTCCCGTGAAAGAAAAAAGGGCACTCCATGGACTGAGGAGGAACACAGAATGTTTT
TACTTGGATTGCAGAAACTGGGCAAAGGTGAT TGGCGTGGAATTGCAAGGAACTATGTTATTTCA
AGGACACCTACTCAAGTGGCCAGTCATGCTCAGAAATATT TCATCAGGCAAAGCAATGTGTCTAG
GAGAAAGAGACGGTCCAGCTTGT TTGATATTGTTGCAGATGATGCGTCCGACACTCCAATGGTAG
AGCAAGACTTCTTGTCAGCTAAT CAGCTACAGACTGAAACAGAAGGCAATAACCCTTTGCCTGCT
CCTCCTCCCATTGATGAAGAGTGTGAATCCATGGAT TCCACAAACTCAATAGATGGAGACTCTGC
CCTGTTAAAGCCCGACACTCCAATACCGCCAACCTACCCGGTGTTATATCCTGCATATTATCCTC
CATTCTACCCGTATCCTCTGCCTTATTGGT CTGGATACAGTCCTGCAGAGCCCCCAAAGARAGAG
GAGACACATGAAGTGGTGAAGCCAACTGCGGTGCTTTCCAAAAGCCCAATCAATGTGGATGAACT
TGTCGGCATGTCAAAACTGAGTTTGGGAGACTCCAT TGGTGACTCTGGCCCCTCCTCTCTGTCTC
GAAAACTCGTCGAAGAAGGACCTTCCAGACAATCAGCTTT TCATGCTACTCCAGCATGTGGCAGT
TCAAATATAAATGGCAGTGTCATACATGCAGTTTAA
>LjT37H17.80.nd (Protein)

(SEQ ID NO: 64)
MTRRCSHCSHGGHNARTCPNRGVKLFGVRLTDGS IRKSASMGNLTHY TGSGSGPLLGGSNNPDSP
GETPDHAAAADGYASEDFVPGSSSS SRERKKGTPWTEEEHRMFLLGLQKLGKGDWRGIARNYVIS
RTPTQVASHAQKYFIRQSNVSRRKRRSSLFDIVADDASDT PMVEQDFLSANQLQTETEGNNPLPA
PPPIDEECESMDSTNSIDGDSALLKPDTPIPPTYPVLYPAYYPPFYPYPLPYWSGYSPAEPPKKE
ETHEVVKPTAVLSKSPINVDELVGMSKLSLGDSIGDSGPSSLSRKLVEEGPSRQSAFHATPACGS
SNINGSVIHAV
>chr2.CM0028.230.nd (DNA)

(SEQ ID NO: 65)
ATGTCTCGCACGTGCTCACAGTGCGGCAACAACGGCCACAACTCCCGCACATGCACCGACACCGT
CGCCGCTGGAGACAACGGCAT CATGCTCTTCGGCGTGCGCCTCACCGAAGGCTCCACCTCCTCCT
CCGCCTTCATCAGGAAGAGCGCTAGCATGAACAACCTCTCCCAGTATAACGAACCCGAATCCAAC
CCCGCTGACGCAGCTGGCTACGCCTCCGACGACGTCGTTCATCCCTCCGCACGCGCCCGCGACCG
CAAGCGAGGTGTGCCTTGGACGGAAGAAGAACACAAACTGTTTCTGTTGGGAT TGCATAAAGTGG
GGAAGGGAGATTGGAGAGGAATT TCTAGAAACTTCGTCAAAACTCGCACACCCACTCAGGTTGCT
AGTCATGCTCAGAAGTATTTCCTCCGCCGTCACAACCATAACCGCCGGCGCCGGAGATCTAGCCT
TTTCGACATCACCACCGATACGGTGATGGAATCTTCAACAATAATGGAGGAAGAACAAGATCAGC
AAGAAATGGTGCCGCCAGCTACCTCCGCCGTGTATCCGCCGTTACATTACGGTGGCTTCCACGGT
CCAGCGTTTCCAATGGCTCTGTCTCCGGTGGTAT TGCCGGTGGCCGGAGGGGARAGACCGGCAAG
GCCGATTAGGCCAACGCCGATTTTCCCTGTGCCTCCGTCT TCTAAGATGGCTAGTTTGAACTTGA
AAGAGAAAGCAGCTTCTCCTTCCCCTTCTTCTCCATTTGAGCCTCTACCGCTGTCGCTGAAGCTG
CAGCCATCTCCGCCGCCGTCCAAGGAT CATTCTCCGGCAACCAGTAGCCACTCGTCGCCATCATC

GCCGTCTTCTTCATCATCTTTTCAGGCTATGT CTGCAGGGAAGTTCAGCGGTGGTGGAGATAGCA

TTATTAGTGTTGCTTGA

16



US 8,859,851 B2

17 18
-continued
>chr2.CM0028.230.nd (Protein)

(SEQ ID NO: 66)
MSRTCSQCGNNGHNSRTCTDTAAAGDNGIMLFGVRLTEGS TSS SAFIRKSASMNNLSQYNEPESN
PADAAGYASDDVVHPSARARDRKRGVPWTEEEHKLFLLGLHKVGKGDWRGI SRNFVKTRTPTQVA
SHAQKYFLRRHNHNRRRRRSSLFDI TTDTVMESS TIMEEEQDQQOEMVPPATSAVYPPLHYGGFHG
PAFPMALSPVVLPVAGGERPARP IRPTPIFPVPPSSKMASLNLKEKAASPSPSSPFEPLPLSLKL
QPSPPPSKDHSPATSSHSSPSSPSSSSSFQAMSAGKFSGGGDSIISVA

As shown below, SEQID NOs: 44,46, 48, .. .,and 66 share -continued
at least 44% homology with SEQ ID NO: 1. Also see FIG. 5§
for a multiple protein sequence alignment. Identities  Positives
15 No. Species Gene ID (%) (%)
11 Lotus LjT37H17.80.nd 59 71
Identities  Positives Japonicus
No.  Species Gene ID (%) (%) (Lotus)
12 Lotus chr2.CM0028.230.nd 57 68
1 Arabidopsis  AT5G47390 56 66 20 Japonicus
thaliana (Lotus)
2 drabidopsis  AT3G16350 45 55
thaliana . .
3 ZeaMay GRMZM?2G034110__T01 86 20 As used herein, “percent homology” of two sequences is
4 ZeaMay GRMZM2G020934__T01 62 69 determined using the algorithm described in Karlin and Atts-
5 Sorghum Sb01g029020.1 87 90 25 chul, Proc, Natl. Acad. Sci. USA 87:2264-2268, 1990, modi-
bicolor fied as described in Karlin and Altschul, Proc, Natl. Acad. Sci.
(Sorghum) USA 90:5873-5877, 1993. Such an algorithm is incorporated
6 Z‘,"gzh”m Sb03g003270.1 44 36 into the NBLAST and XBLAST programs of Altschul et al.,
Sorghum) J Mol. Biol. 215:403-410, 1990. BLAST protein searches are
7 Giveine Glymal7g15330.1 61 7 39 performed with thf: XBLAST program, score=50,
max wordlength=3, to obtain amino acid sequences homologous
(Soybean) to a reference polypeptide. To obtain gapped alignments for
8  Glycine Glyma05g04950.1 58 71 comparison purposes, Gapped BLAST is utilized as
max describedin Altschul et al., Nucleic Acids Res. 25:3389-3402,
(Soybean) 1997. When utilizing the BLAST and Gapped BLAST pro-
9 s GSVIVI00013475001 62 71 = grams, the default parameters of the respective programs
‘(”\:,’fem (e.g., XBLAST and NBLAST) are used. See the NCBI web-
Grape) site at ncbinlm,nih.gov.

10 Wiis GSVIVT00012218001 62 7 Ina preferred embodiment, the cell also has a DREBI gene
vinifera expression level that is higher than a wild type DREBI1 pro-
(Wine 40 tein level so that the plant over-expresses both MYBS3 and
Grape) DREBI. Listed below are cDNA and protein sequences of

DREBIA, 1B, 1C, and 1D.

OsDREB1A (dehydration-responsive element-binding protein
1A) LOC_0s099g35030
CDS >12009.m06503
(SEQ ID NO: 3)

ATGTGCGGGATCAAGCAGGAGATGAGCGGCGAGTCGTCGGGGTCGCCGTGCAGCTCGGCG

TCGGCGGAGCGGCAGCACCAGACGGTGTGGACGGCGCCGCCGAAGAGGCCGGCGGEGCEG

ACCAAGTTCAGGGAGACGAGGCACCCGGTGTTCCGCGGCGTGCGGCGGAGGGGCAATGCC

GGGAGGTGGGTGTGCGAGGTGCGGGTGCCCGGGCGGCGCGGCTGCAGGCTCTGGCTCGGC

ACGTTCGACACCGCCGAGGGCGCGGCGCGECGCGCACGACGCCGCCATGCTCGCCATCAALC

GCCGGCGGCGGCGGCGGCEGGGGAGCATGCTGCCTCAACTTCGCCGACTCCGCGTGGCTC

CTCGCCGTGCCGCGCTCCTACCGCACCCTCGCCGACGTCCGCCACGCCGTCGCCGAGGCC

GTCGAGGACTTCTTCCGGCGCCGCCTCGCCGACGACGCGCTGTCCGCCACGTCGTCGTCC

TCGACGACGCCGTCCACCCCACGCACCGACGACGACGAGGAGTCCGCCGCCACCGACGGT

GACGAGTCCTCCTCCCCGGCCAGCGACCTGGCGTTCGAACTGGACGTCCTGAGTGACATG

GGCTGGGACCTGTACTACGCGAGCTTGGCGCAGGGGATGCTCATGGAGCCACCATCGGCG

GCGCTCGGCGACGACGGTGACGCCATCCTCGCCGACGTCCCACTCTGGAGCTACTAG
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Protein >12009.m06503

(SEQ ID NO: 4)
MCGIKQEMSGESSGSPCSSASAERQHQTVWTAPPKRPAGRTKFRETRHPVFRGVRRRGNA
GRWVCEVRVPGRRGCRLWLGTFDTAEGAARAHDAAMLAINAGGGGGGGACCLNFADSAWL
LAVPRSYRTLADVRHAVAEAVEDFFRRRLADDALSATSSSSTTPSTPRTDDDEESAATDG
DESSSPASDLAFELDVLSDMGWDLYYASLAQGMLMEPPSAALGDDGDAILADVPLWSY *
OsDREB1B (dehydration-responsive element-binding protein
1B) LOC_0s09g35010
CDS >12009.m06501

(SEQ ID NO: 5)
ATGGAGGTGGAGGAGGCGGCGTACAGGACGGTGTGGTCGGAGCCGCCGAAGAGGCCGGCG
GGAAGGACCAAGTTCAGGGAGACGAGGCACCCGGTGTACCGCGGCGTGCGGCGGCECGGE
GGGCGGCCGGGCGCGGCGEEEGAGGTGGETGTGCGAGGTGCGGGTGCCCGGGGCGCGCGGT
TCCAGGCTGTGGCTCGGCACGTTCGCCACCGCCGAGGCGGCGGCGCGCGCGCACGACGCT
GCCGCGCTGGCGCTCCGCGGCAGGGCCGCCTGCCTCAACTTCGCCGACTCCGCGTGGCGG
ATGCCGCCCGTCCCCGCGTCCGCCGCGCTCGCCGGCGCGAGGGGGGTCAGGGACGCCGTC
GCCGTGGCCGTCGAGGCGTTCCAGCGCCAGTCGGCCGCGCCGTCGTCTCCGGCGGAGACC
TTCGCCAACGATGGCGACGAAGAAGAAGACAACAAGGACGTGTTGCCGGTGGCGGCGGCG
GAGGTGTTCGACGCGGGGGCGTTCGAGCTCGACGACGGGTTCAGGTTCGGCGGGATGGAC
GCCGGGTCGTACTACGCGAGCTTGGCGCAGGGGCTGCTCGTCGAGCCGCCGGCCGCCGGA
GCGTGGTGGGAGGACGGCGAGCTCGCCGGCTCCGACATGCCGCTCTGGAGCTACTAA
Protein »12009.m06501

(SEQ ID NO: 6)
MEVEEAAYRTVWSEPPKRPAGRTKFRETRHPVYRGVRRRGGRPGAAGRWVCEVRVPGARG
SRLWLGTFATAEAAARAHDAAALALRGRAACLNFADSAWRMPPVPASAALAGARGVRDAV
AVAVEAFQRQSAAPSSPAETFANDGDEEEDNKDVLPVAAAEVFDAGAFELDDGFRFGGMD
AGSYYASLAQGLLVEPPAAGAWWEDGELAGSDMPLWSY *

OsDREB1C (dehydration-responsive element-binding protein
1C)LOC_0s069g03670
CDS >13106.m00305

(SEQ ID NO: 7)
ATGGAGTACTACGAGCAGGAGGAGTACGCGACGGTGACGTCGGCGCCGCCGAAGCGGCCG
GCGGGGAGGACCAAGTTCAGGGAGACGAGGCACCCGGTGTACCGCGGCGTGCGGCGGCGE
GGGCCCGCGGEECEETGGGTGTGCGAGGTCAGGGAGCCCAACAAGAAGTCCCGCATCTGG
CTCGGCACCTTCGCCACCGCCGAGGCCGCCGCGCGCGCCCACGACGTCGCCGCGCTCGCC
CTCCGCGGCCGCGGCGCGTGCCTCAACTTCGCCGACTCGGCCCGCCTCCTCCGCGTCGAC
CCGGCCACCCTCGCCACCCCCGACGACATCCGCCGCGCCGCCATCGAGCTCGCCGAGTCA
TGCCCGCACGACGCCGCCGCCGCCGCCGCCTCCAGCTCCGCCGCCGCCGTCGAGGCCTCC
GCCGCCGCCGCGCCCGCCATGATGATGCAGTACCAGGACGACATGGCGGCGACGCCGTCC
AGCTACGACTACGCGTACTACGGCAACATGGACTTCGACCAGCCGTCCTACTACTACGAC
GGGATGGGCGGCGGCGGCGAGTACCAGAGCTGGCAGATGGACGGCGACGACGATGGTGGC
GCCGGCGGCTACGGCGGCGGCGACGTCACACTCTGGAGCTACTGA
Protein »13106.m00305

(SEQ ID NO: 8)
MEYYEQEEYATVTSAPPKRPAGRTKFRETRHPVYRGVRRRGPAGRWVCEVREPNKKSRIW
LGTFATAEAAARAHDVAALALRGRGACLNFADSARLLRVDPATLATPDDIRRAAIELAES

CPHDAAAAAASSSAAAVEASAAAAPAMMMQYQDDMAATPSSYDYAYYGNMDFDQPSYYYD

GMGGGGEYQSWQMDGDDDGGAGGYGGGDVTLWSY *



US 8,859,851 B2
21

-continued
OsDREB1D (dehydration-responsive element-binding protein
1D) LOC_0s06g06970
CDS >13106.m00721
(SEQ ID NO: 9)
ATGGAGAAGAACACCGCCGCCAGCGGGCAATTGATGACCTCCTCCGCGGAGGCGACGCCG
TCGTCGCCGAAGCGGCCGGCGGGGCGAACCAAGTTCCAGGAGACGAGGCACCTAGTGTTC
CGTGGGGTGCGATGGCGTGGGTGCGCGGGGCGGTGGGTGTGCAAGGTGCGTGTCCCGGGT
AGCCGCGGTGACCGTTTCTGGATAGGCACGTCTGACACCGCCGAGGAGACCGCGCGCACG
CACGACGCCGCCATGCTCGCCTTGTGCGGGGCCTCCGCCAGCCTCAACTTCGCCGACTCT
GCCTGGCTGCTCCACGTCCCGCGCGCCCCCGTCGTCTCCGGACTCCGGCCACCAGCTGCC
CGATGTGCAACGCGCTGCCTGCAAGGCCATCGCCGAGTTCCAGCGCCGGGCCGGGGGAGT
ACCGCCACTGCCACTGCCACCTCCGGCGATGCTGCATCGACCGCTCCTCCGTCGGCACCC
GTTCTGTCAGCCAAACAATGCGAATTCATCTTTCTTTCTTCACTAGATTGTTGGATGTTA
ATGTCAAAGCTTATCAGCAGTAGCAGAGCAAAAGGATCGTTGTGCCTGCGAAAAAATCCC
ATTTCATTTTGCATGGTTACAAATTCTTACACTGCTCTTTTGCTCGAATACATTATATTG
CAGATGAATTCAATGATCGTTTTAATCCACGAATTATCAAAATATCAAGTCTTTCTGCTA
CTAACCATGATAACACACCACCTTTTTCAATGGAGGAGGTAG
Protein »13106.m00721
(SEQ ID NO: 10)
MEKNTAASGQLMTSSAEATPSSPKRPAGRTKFQETRHLVFRGVRWRGCAGRWV CKVRVPG
SRGDRFWIGTSDTAEETARTHDAAMLALCGASASLNFADSAWLLHVPRAPVVSGLRPPAA

RCATRCLQGHRRVPAPGRGSTATATATSGDAASTAPPSAPVLSAKQCEFIFLSSLDCWML

MSKLISSSRAKGSLCLRKNPISFCMVTNSYTALLLEYIILOMNSMIVLIHELSKYQVFLL

LTMITHHLFQWRR*

The above-mentioned level of wild type MYBS3 or
DREBI protein can be the MYBS3 or DREB 1 gene expres-
sion level in a wild type cell of a wild type plant. To achieve
this overexpression, the genes can be under the control of
native, constitutive, tissue-specific, developmental stage-spe-
cific, or other inducible promoters.

The above-described transgenic plant can be rice, maize,
wheat, barley, sorghum, sugarcane, turf grass, Miscanthus,
switchgrass, soybean, canola, potato, tomato, bean, pea, or
jatropha. The transgenic plant is more tolerant to chill than the
wild type plant.

In a second aspect, the invention features a method of
generating the above-described plant. The method includes
steps of introducing into a cell of a plant a first nucleic acid
that encodes a polypeptide containing the amino acid
sequence of MYBS3 protein; and expressing the MYBS3
protein in the cell. The level of the MYBS3 protein in the cell
is higher than a wild type MYBS3 protein level. In one
embodiment, the method further includes introducing into the
cell of the plant a second nucleic acid that encodes a second
polypeptide containing the amino acid sequence of DREB1
protein; and expressing the DREB1 protein in the cell. The
level of the DREBI1 protein in the cell is higher than a wild
type DREBI protein level.

In a third aspect, the invention features a method of iden-
tifying a plant that is tolerant to chill. The method can be
carried out by obtaining a sample from a candidate plant, and
determining the MYBS3 gene expression level in the sample.
The candidate plant is determined to be tolerant to chill if the
expression level is above a predetermined level. The prede-
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termined level is the level in a wild type plant. With this
method, one can use MYBS3 as a marker for molecular
breeding plants and selecting chill tolerant plants.

The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,
and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows two constructs for respectively over-express-
ing and under-expressing MYBS3 in transgenic rice; namely,
PSMY-MYBS3(Ox), an over-expression construct; and
pSMY-MYBS3(Ri), an under-expression construct. P,
Hgh, Ty, Py LB, and RB denote A1 promoter, hygromy-
cin phosphotransferase, nopalin synthase terminator, Ubi
promoter, left border of T-DNA, and right border of T-DNA,
respectively.

FIG. 2 is a bar graph showing expression of MYBS3 and
DREBI1A in 10-day-old rice seedlings that were shifted from
28° C. to 4° C. and incubated for 72 h. Total RNAs were
isolated from seedlings and subjected to quantitative real-
time RT-PCR analysis. The highest nRNA level was assigned
a value of 100, and the mRNA levels of other samples were
calculated relative to this value. The error bars indicate the SE
of three replicates.

FIG. 3 includes two photographs showing 10-day-old
seedlings of wild type (WT) and lines S3(Ox)-110-1 and
S3(Ri)-52-7 that were incubated at 4° C. for 8 h (A) or 24 h

B).
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FIG. 4 is a schematic flow chart for a proposed role of
MYBS3 in cold stress tolerance in rice.

FIG. 5 is a sequence alignment of thirteen MYB3 proteins,
one from rice and two from each of Arabidopsis thaliana, Zea
May, sorghum, soybean, twine grape, and lotus.

DETAILED DESCRIPTION

This invention is based, at least in part, on the unexpected
discoveries of that over-expression of MYBS3 in a plant
increased the cold tolerance.

MYBS3 is a single DNA-binding repeat (1R) MYB tran-
scription factor previously shown to mediate sugar signaling
in rice. MYBS3 also plays a critical role in cold adaptation in
rice. Gain- and loss-of-function analyses indicates that
MYBS3 is sufficient and necessary for enhancing cold toler-
ance in rice. Transgenic rice constitutively over-expressing
MYBS3 tolerates 4° C. for at least 1 week, and exhibits no
yield penalty in normal field conditions. Transcription profil-
ing of transgenic rice over- or under-expressing MYBS3 lead
to identification of many genes in the MYBS3-mediated cold
signaling pathway. Several genes activated by MYBS3 as
well as inducible by cold have previously been implicated in
various abiotic stress response and/or tolerance in rice and
other plant species. Surprisingly, MYBS3 represses the well-
known DREBI1/CBF-dependent cold signaling pathway in
rice, and the repression appears to act at the transcriptional
level. DREBI1 responds quickly and transiently while
MYBS3 responds slowly to cold stress, which suggests dis-
tinct pathways act sequentially and complementarily for
adapting short- and long-term cold stress in rice. This novel
pathway, which controls cold adaptation in rice as well as
other plants, forms the basis for this invention.

A transgenic plant described in the invention can be gen-
erated by introducing into the plant or a part thereof an
expression construct comprising a DNA sequence encoding a
MYB3 protein, a DREB1 protein, or both. Expression con-
structs are provided by the present invention for the stable
transformation of plants with a gene encoding a MYB3 pro-
tein, a DREBI protein, or both. These constructs comprise a
DNA sequence encoding a MYB3 protein or a DREBI1 pro-
tein which is operably linked to regulatory sequences which
are capable of directing the expression of a MYB3 protein, a
DREBI protein, or both. These regulatory sequences may
also include sequences capable of directing transcription in
plants, either constitutively, or stage and/or tissue specific,
depending on the use of the plant or parts thereof. The expres-
sion constructs provided may be inserted into a vector, pref-
erably a plasmid, used in bacteria-mediated transformation of
the selected plant host. The expression construct is then pref-
erably integrated into the genome of the plant host.

A transgene is a nucleic acid sequence (encoding, e.g., one
or more subject polypeptides), which is partly or entirely
heterologous to a plant cell into which it is introduced, or, is
homologous to an endogenous gene of the plant or cell into
which it is introduced but is intended to be inserted into the
plant genome in such a way as to alter the genome (e.g., it is
inserted at a location which differs from that of the natural
gene or its insertion results in a knockout). A transgene can
include one or more operably linked transcriptional regula-
tory sequences (e.g., an enhancer sequence) and any other
nucleic acid, such as an intron, that may be necessary for
optimal expression of a nucleic acid of interest.

A “transformed” and “transgenic cell refer to a host cell or
organism into which a heterologous nucleic acid molecule
has been introduced. The nucleic acid molecule can be stably
integrated into the genome generally known in the art.
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Accordingly, a transgenic cell is a cell containing a transgene.
A transgenic plant is any plant in which one or more, or all, of
the cells of the plant include a transgene. The transgene can be
introduced into the cell by introduction into a precursor cell
by way of deliberate genetic manipulation, such as by T-DNA
mediated transfer, electroporation, or protoplast transforma-
tion. The transgene may be integrated within a chromosome,
or it may be an extrachromosomally replicating DNA.

Theterm “heterologous” refers to portions of a nucleic acid
and indicates that the nucleic acid comprises two or more
subsequences that are not found in the same relationship to
each other in nature. For instance, a nucleic acid that is recom-
binantly produced typically has two or more sequences from
unrelated genes synthetically arranged to make a new func-
tional nucleic acid, e.g., a promoter from one source and a
coding region from another source. The two nucleic acids are
thus heterologous to each other in this context. When added to
a cell, the recombinant nucleic acids would also be heterolo-
gous to the endogenous genes of the cell. Thus, in a chromo-
some, a heterologous nucleic acid would include a non-native
(non-naturally occurring) nucleic acid that has integrated into
the chromosome, or a non-native (non-naturally occurring)
extra-chromosomal nucleic acid. In contrast, a naturally
translocated piece of chromosome would not be considered
heterologous in the context of this patent application, as it
comprises an endogenous nucleic acid sequence that is native
to the mutated cell. A heterologous nucleic acid, gene, or
protein can be one that originates from a foreign species, or,
if from the same species, is substantially modified from its
original form. For example, a maize ubiquitin (Ubi) promoter
operably linked to a nucleic acid sequence encoding a rice
MYB3 protein is one form of a sequence heterologous to rice.
If a promoter and a coding sequence are from the same spe-
cies, one or both of them can be substantially modified from
their original forms.

Rice is one of the most important food crops in the world,
and increases in rice yield could significantly ease the pres-
sure on world food production. Rice is also a powerful model
for functional genomics study for dissecting genetic networks
of stress responses in cereal crops. Low temperatures are one
of'the major environmental stresses that adversely affect rice
productivity in temperate and subtropical zones and in high
elevation areas. Rice seedlings are particularly sensitive to
chilling in early spring in these areas, leading to slow seedling
development, yellowing, withering, reduced tillering and
stunted growth (Andaya, et al., 2003, J Exp Bot 54: 2579-
2585). Rice cannot be grown in approximately 7,000,000
hectares of land in south and south-east Asia due to cold stress
(Sthapit, et al., 1998, Crop Sci 38: 660-665); in temperate
regions such as California (USA), cold is an important stress
that results in delayed heading and yield reduction due to
spikelet sterility (Peterson, et al., 1974, California Agricul-
ture, 28(7), 12-14). Thus, improvement of chilling tolerance
may significantly increase rice production.

Plants respond and adapt to cold stress at the molecular and
cellular levels as well as induce an array of biochemical and
physiological alterations that enable them to survive (Bohnert
etal., 1995, Cell 7: 1099-1111; and Browse, et al., 2001, Curr
Opin Plant Biol 4: 241-246). Under cold stress, the expression
of' many genes is induced in various plant species (Hughes, et
al., 1996, J Exp Bot 47: 291; and Thomashow, 1999, Annu
Rev Plant Physiol Plant Mol Biol 50: 571-59), and the prod-
ucts of these genes function not only in adaptations promot-
ing stress tolerance, e.g., biosynthesis of osmotica (Chen, et
al., 2002, Curr Opin Plant Biol 5: 250-257; and Taji, et al.,
2002, Plant J 29: 417-426), generation of antioxidants
(Prasad, et al., 1994, Plant Cell 6: 65-74), and increased
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membrane fluidity (Murata and Los, 1997, Plant Physiol 115:
875-879; and Orvar, et al., 2000, Plant J 23: 785-794), but also
in the regulation of gene expression and signaling transduc-
tion in stress responses, e.g., transcription factors and pro-
teins involved in RNA processing and nuclear export
(Yamaguchi-Shinozaki, et al., 2006, Annu Rev Plant Biol 57:
781-803; and Chinnusamy, et al., 2007, Trends Plant Sci 12:
444-451). Deciphering the mechanisms by which plants per-
ceive and transmit cold signals to cellular machinery to acti-
vate adaptive responses is of critical importance for develop-
ing breeding strategies to enhance cold stress tolerance in
Crops.

In Arabidopsis and rice, the CBF/DREB1-dependent cold
response pathway has been shown to play a predominant role
in freezing-tolerance through the process of cold acclimation
(Thomashow, 1999, Annu Rev Plant Physiol Plant Mol Biol
50: 571-59; Yamaguchi-Shinozaki, et al., 2006, Annu Rev
Plant Biol 57: 781-803; and Chinnusamy, et al., 2007, Trends
Plant Sci 12: 444-451). The DREB1/CBF family, including
DREB1A/CBF3, DREB1B/CBF1, and DREB1C/CBF2, are
able to bind to and activate the cis-acting elements DRE
(dehydration-responsive element) (Yamaguchi-Shinozaki, et
al., 1994, Plant Cell 6: 251-264; and Stockinger, et al., 1997,
Proc Natl Acad Sci USA 94: 1035-104) or CRT (C-repeat)
(Baker, et al., 1994, Plant Mol Biol 24: 701-713) on promot-
ers of several cold-responsive genes (CORs) (Gilmour, et al.,
1998, Plant J 16: 433-442; Jaglo-Ottosen, et al., 1998, Sci-
ence 280: 104-106; Liu, et al., 1998, Plant Cell 10: 1391-
1406; Medina, et al., 1999, Plant Physiol 119: 463-470).

Rice DREB1A and DREBI1B are induced by cold stress,
and constitutive over-expression of these genes leads to
induction of stress-responsive genes, increased tolerance to
high-salt and cold, and growth retardation under normal con-
ditions in transgenic Arabidopsis and rice (Dubouzet, et al.,
2003, Plant J 33: 751-763; and Ito, et al., 2006, Plant Cell
Physiol 47: 141-153), indicating the evolutionary conserva-
tion of the DREB1/CBF cold-responsive pathway in mono-
cots and dicots. However, in comparison to Arabidopsis and
other cereals like wheat and barley that cold acclimate (Wen,
et al., 2002, Plant Physiol 129: 1880-1891), rice does not
undergo acclimation process and is more sensitive to low
temperature exposures. Microarray analysis demonstrated
the existence of 22 cold-regulated genes in rice, which have
not been reported in Arabidopsis (Rabbani, et al., 2003, Plant
Physiol 133: 1755-1767). These studies also indicate that
plant species vary in their abilities to adapt to cold stress.

Other rice proteins have also been shown to be involved in
cold tolerance. For example, a zinc-finger protein iSAP1 con-
fers cold, dehydration, and salt tolerance in transgenic
tobacco (Mukhopadhyay, et al., 2004, Proc Natl Acad Sci
USA 101: 6309-6314); the rice MYB4 transcription factor
confers chilling and freezing tolerances by enhancing the
COR gene expression and proline accumulation in Arabidop-
sis (Vannini, et al., 2004, Plant J 37: 115-127), and improves
cold and drought tolerances by accumulating osmolyte in
transgenic apples (Pasquali, et al., 2008, Plant Cell Rep 27:
1677-1686). Overexpression of the rice cold-, drought, and
salt-inducible MYB3R-2 (an R1R2R3 MYB) gene enhances
cold, drought, and salt tolerance by regulating some stress-
responsive genes involved in the CBF-dependent or CBF-
independent pathways in Arabidopsis (Dai, et al., 2007, Plant
Physiol 143: 1739-1751; and Ma, et al., 2009, Plant Physiol
150: 244-256).

The expression of DREBI is subjected to regulation by
several factors. For example, it is affected by members in the
same DREB1 family. The Arabidopsis cbf2 mutant, in which
CBF2/DREB 1 C is disrupted, shows higher freezing, dehy-

20

25

30

35

40

45

50

55

60

65

26

dration and salt tolerance than the wild-type plant, indicating
that DREB1C/CBF2 acts as a repressor of CBF1/DREB1B
and CBF3/DREBIA expression (Novillo, et al., 2004, Proc
Natl Acad Sci USA 101: 3985-3990). The expression of
DREBI1/CBF is activated by Inducer of CBF Expression 1,
ICE1 (a MYC-like basic helix-loop-helix-type transcription
factor) (Chinnusamy, etal., 2003, Genes Dev 17: 1043-1054),
CAX1 (aCa**/H* transporter) (Catala, et al., 2003, Plant Cell
15: 2940-2951), CBL1 (a Ca** sensor) (Albrecht, et al, 2003,
Plant ] 36: 457-470), and LOS4 (a DEAD-box RNA helicase)
(Gong, et al., 2002, Proc Natl Acad Sci USA 99: 11507-
11512), and repressed by FRY2 (a transcription factor)
(Xiong, et al., 2002, Proc Natl Acad Sci USA 99: 10899-
1090), HOS1 (a putative RING finger E3 ligase) (Lee, et al.,
2001, Genes Dev 15: 912-924), and ZAT12 (a C,H, zinc
finger transcription factor) (Vogel, et al., 2005, Plant J 41:
195-211), during cold acclimation in Arabidopsis. The
mechanism by which these factors affect the expression of
CBF/DREBI is not clear.

Previously, three MYB transcription factors, MYBSI,
MYBS2, and MYBS3 each with a single DNA binding
domain (1R MYB), were identified in rice and shown to bind
specifically to the TA box (TATCCA) in the sugar response
complex (SRC) of a-amylase gene (cAmy3) promoter (Lu,
etal., 2002, Plant Cell 14: 1963-1980). MYBS1 and MYBS2
transactivate, while MYBS3 represses, the sugar starvation-
inducible a Amy3 SRC activity inrice (Lu, et al., 2002, Plant
Cell 14: 1963-1980). The rice MYBS3 homologue in Arabi-
dopsis (AGI code: At5g47390) is activated by ABA, CdCl,
and NaCl (Yanhui, et al., 2006, Plant Mol Biol 60: 107-124).
It is unexpected that the expression of MYBS3 is induced by
cold. By both gain- and loss-of-function analyses, MYBS3 is
shown essential for cold stress tolerance in rice. Transcription
profiling of transgenic rice over- or under-expressing
MYBS3 led to identification of genes that are activated or
repressed by MYBS3 and play diverse functions. The
DREBI1-dependent cold response signaling pathway is
among those repressed by MYBS3 in rice. This finding sug-
gests that the DREB1- and MYBS3-dependent pathways may
complement each other and act sequentially to adapt to imme-
diate and persistent cold stress in rice.

The specific examples below are to be construed as merely
illustrative, and not limitative of the remainder of the disclo-
sure in any way whatsoever. Without further elaboration, it is
believed that one skilled in the art can, based on the descrip-
tion herein, utilize the present invention to its fullest extent.
All publications cited herein are hereby incorporated by ref-
erence in their entirety. Further, any mechanism proposed
below does not in any way restrict the scope of the claimed
invention.

EXAMPLE

Materials and Methods
Plant Materials

Therice cultivar Oryza sativa L. cv. Tainung 67 was used in
this study. Induction of rice calli was performed as described
(Yu, etal., 1991, J Biol Chem 266: 21131-21137). For hydro-
ponic culture of rice seedlings, seeds were sterilized with 3%
NaOCl for 30 min, washed extensively with distilled water,
and germinated in Petri dishes with wetted filter papers at 37°
C. in the dark. After 48 h incubation, germinated seeds were
cultivated in a half-strength Kimura B solution containing the
following macronutrients: (NH4),SO, (0.18 mM), KNO,
(0.09 mM), MgSO,, (0.27 mM), KH,PO, (0.09 mM), and
Ca(NOj;), (0.18 mM), and micronutrients: Fe-citrate (0.03
uM), H;BO; (2.5 pM), MnSO,.H,0 (0.2 uM), ZnSO,,.7H,0O
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(0.2 uM), CuS0O,.5H,0 (0.05 uM), and H,MoO,, (0.05 pM).
The pH of the solution was adjusted to 4.7-4.8 using 0.5 N
HCI. The culture solution was replaced with fresh solution
every 2 days. Seedlings were grown under a 14-h light/10-h

28

Primers

All primers used for the cloning of ¢cDNAs or plasmid
constructions and quantitative RT-PCR are listed in Table 1

dark cycle for 10 days in a 28° C. chamber before treatments. below.
TABLE 1
Primers
Annealing Fragment
Target temperature size
gene Primer (e C.) (bp)
MYBS3 S3F1l: 5'-CCT TTCTGGCAA AATCAG AAAGA-3' (SEQ ID NO: 11) 60 78
S3R1: 5'-ATG AACTGG AACAGGCTTGACA-3' (SEQ ID NO: 12)
MYBS3 S3PF: GCGGATCCCCTTTTGACTTGCAGGTTAATTACTTCAGG 68 2500
promoter (SEQ ID NO: 13)
S3PR: CATGCCATGGTTTAAACCCCCCCTCCGTCCCTCCACCTTCC
(SEQ ID NO: 14)
DREB1A 1AF: 5'-GGACCTGTACTACGCGAGCTT-3' (SEQ ID NO: 15) 60 138
1AR: 5'-GGCAAAATTGTACAGTTGATTGA-3' (SEQ ID NO: 16)
DREB1A 1APro: 5'-TTGACCGGGATACCGAATTA-3' (SEQ ID NO: 17) 60 1054
promoter 1APro: 5-GTAATGGCGATGGGAGAAGA-3' (SEQ ID NO: 18)
DREB1B 1BF: 5'-AGCTCGCCGGCTCCGACA-3' (SEQ ID NO: 19) 60 194
1BR: 5'-GGGAGAAATCTGGCACATTCC-3' (SEQ ID NO: 20)
DREB1B 1BPro: 5'-AGGTAAGCCATTAGCGCATG-3' (SEQ ID NO: 21) 60 747
promoter 1BPro: 5'-GGATGACTCTCTCTGGTTCA-3' (SEQ ID NO: 22)
DREB1C 1CF: 5'-GAGTTGGAGCTAGCAGTTTTGAG-3' (SEQ ID NO: 23) 60 54
1CR: 5'-TAGCTGTATAGGAGGAGCAAAGC-3' (SEQ ID NO: 24)
Amy3 Amy3F: 5'-GTAGGCAGGCTCTCTAGCCTCTAGG-3' (SEQ ID NO: 25 60 112
Amy3R: 5'-GTAGGCAGGCTCTCTAGCCTCTAGG-3' (SEQ ID NO: 26)
Cytochrome CytF: 5'-GTCATCCAGGAGACGATGAGG-3' (SEQ ID NO: 27) 60 129
P450 CytR: 5'-GATGTTGCGGAACAGAGGTAG-3' (SEQ ID NO: 28)
18S rRNA 18SF: 5'-CCTATCAACTTTCGATGGTAGGATA-3' (SEQ ID NO: 29) 60 229
18SR: 5'-CGTTAAGGGATTTAGATTGTACTCATT-3' (SEQ ID NO: 30)
Trehalose-6- TéPPl F: 5'-GGAGTTCCTCAATTTCTTGGTG-3' (SEQ ID NO: 31) 60 116
phosphate T6PP1l R: 5'-CGCCTCGGAAACTACAGTTATT-3' (SEQ ID NO: 32)
phosphatase 1
gene
(0502g44230)
Trehalose-6- TéPP F: 5'-AGGATGCATTCAAGGTTCTGA-3' (SEQ ID NO: 33) 60 139
phosphate T6PP R: 5'-CAAGATGCCAGTTTCTTCAGG-3' (SEQ ID NO: 34)
phosphatase 2
gene
(0510g40550)
GFP GFP_F: 5'-CCTGTCCTTTTACCAGACAACC-3' (SEQ ID NO: 35) 60 85
GFP_R: 5'-GGACCATGTGGTCTCTCTTTTC-3' (SEQ ID NO: 36)
Multidrug- MRT_F: 5'-CAGGCAGAGGAACAGGTGAT-3' (SEQ ID NO: 37) 60 108
resistantce MRT _R: 5'-CGTACCGGAACAAGCTGAAC-3' (SEQ ID NO: 38)
(0s01g50100)
Glutamate GD_F: 5' AAGACGCTGCTGATTGATATGAT-3' (SEQ ID NO: 39) 60 50
decarboxylaseGD_R: 5'-TGGTAGCTCACACCATGAATGTA-3' (SEQ ID NO: 40)
(0s03g13300)
WRKY77 WRKY77_F: 5'-GGAATGGACAATTAGTTTGTCTCC-3' (SEQ ID NO: 60 73
(0s01g40260) 41)
WRKY77_R: 5'-ATATATCGATGGGCCGTAATTTT-3' (SEQ ID NO: 42)

Plasmid Construction

The GATEWAY gene cloning system (Invitrogen, Carls-
bad, CA) was used to construct the MYBS3-GFP fusion gene.
Briefly, the full-length ¢cDNA of MYBS3 was inserted 65
between the attl.1 and attl.2 sites in pENTR/D-TOPO, gen-
erating the entry vector pENT-MYBS3. The CaM V35S pro-

moterupstream of GFP in pCAMBIA 1302 (see the website at
cambia.org.au/daisy/cambia/585 html) was replaced with the
maize ubiquitin (Ubi) promoter, and the ccdB DNA fragment
flanked by attR1 and attR2 sties was inserted between the Ubi
promoter and GFP, generating the destination vector pDEST-
GFP. MYBS3 in pENT-MYBS3 was then inserted upstream
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of GFP in pDEST-GFP through the GATEWAY lambda
recombination system, generating p1302-MYBS3-GFP. The
2.5-kb MYBS3 promoter fragment (upstream of ATG) was
PCR synthesized and used for replacement of the Ubi pro-
moter in pDEST-GFP, generating the Ubi:MYBS3-GFP con-
struct.

For generating constructs used for the embryo transient
expression assay, the 1054-bp DREBI1A and 747-bp
DREBI1B promoters (upstream of ATG) were PCR-synthe-
sized and fused upstream of Luc ¢cDNA in pLuc (Lu, et al.,
1998, J Biol Chem 273: 10120-10131). Plasmid p3Luc.18
contains acAmy3 SRC (-186 to -82 upstream of the transcrip-
tion start site) fused to the CaM V35S minimal promoter-Adh
intron-Luc fusion gene (Lu, et al., 1998, J Biol Chem 273:
10120-10131).

For generating constructs used for rice transformation,
plasmid pBS-MYBS3 (Lu, et al., 2002, Plant Cell 14: 1963-
1980) containing the Ubi promoter fused upstream of
MYBS3 cDNA was linearized with EcoRI and inserted into
the binary vector pSMY1H (Ho, et al., 2000, Plant Physiol
122: 57-66), generating pSMY-MYBS3 (FIG. 1). To make
the MYBS3 RNA interference construct, a 227-bp sequence
derived from the 3'UTR of MYBS3 c¢cDNA was synthesized
by PCR, fused in antisense and sense orientations flanking the
750-bp GFP ¢cDNA. This MYBS3 RNAi fragment was used
to replace the MYBS3 ¢cDNA in pUbi-MYBS3, generating
pUbi-MYBS3(Ri). pUbi-MYBS3(Ri) was linearized with
EcoRI and inserted into the binary vector pSMY1H, gener-
ating pSMY-MYBS3(Ri) (FIG. 1).

Rice Transformation

Plasmids p1302-MYBS3-GFP, pSMY-MYBS3, pSMY-
MYBS3(Ri) as constructed above were introduced into Agro-
bacterium tumefaciens strain EHA101, and rice transforma-
tion was performed as described elsewhere (Ho, et al., 2000,
Plant Physiol 122: 57-66).

RNA Extraction and Real-Time Quantitative RT-PCR Analy-
sis

Total RNA was extracted from leaves ofrice seedlings with
Trizol reagent (Invitrogen) and treated with RNase-free
DNase I (Promega, Madison, Wis.). Four ug of RNA was used
for cDNA preparation with reverse transcriptase (Applied
Biosystems, Foster City, Calif.), and cDNA was then diluted
to 10 ng/ul. Five pl of cDNA was mixed with primers and the
2x Power SYBR Green PCR Master Mix reagent, and applied
to an ABI 7500 Fast Real-Time PCR System (Applied Bio-
systems). The quantitative variation between different
samples was evaluated by the delta-delta CT method, and the
amplification of 18S ribosomal RNA was used as an internal
control to normalize all data.

Subcellular Localization of MYBS3-GFP Fusion Protein

Protoplasts were isolated from transformed calli as
described (Lu, et al., 1998, J Biol Chem 273: 10120-10131).
GFP expression was detected under a LSM510 confocal laser
scanning microscope (Carl Zeiss) using a 40x objective lens
and the confocal microscopy software Release 2.8 (Carl
Zeiss).

Stress Treatments

Ten-day-old seedlings cultured in the half-strength Kimura
B solution at 28° C. and with 16-h light and 8-h dark cycle in
a growth chamber were used for all stress treatments. Stress
treatments are as follows: ABA, seedlings were transferred to
a culture solution containing 20 uM ABA; drought, seedlings
were air-dried until 10% or 30% of fresh weight was lost;
cold, seedlings were transferred to 4° C.; salt, seedlings were
transferred to a culture solution containing 200 mM NaCl;
heat, seedlings were transferred to 45° C.
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Microarray Analysis

Total RNA was extracted from leaves of rice seedlings
using the Qiagen RNeasy Plant Mini Kits (Qiagen, Valencia,
Calif.) according to the Qiagen manual. RNA quality was
examined by the Agilent 2100 bioanalyzer (Affymetrix, Palo
Alto, Calif.), and biotinylated target RNA was prepared from
total RNA. Samples were hybridized to the Affymetrix Rice
GeneChip (Affymetrix, Santa Clara, Calif.) as described in
the GeneChip Expression Analysis Technical Manual. Two
biological replicates were performed for cold treated samples
per time point.

The hybridization signals were scanned with an Affyme-
trix GeneChip scanner 3000 7G, and the cell intensity (CEL)
files were obtained from software Affymetrix GCOS version
1.4 (Affymetrix). CEL files were loaded into GeneSpring GX
9.0 (Agilent Technologies, Palo Alto, Calif.). Filtering tools
in the GeneSpring software were used to identify genes sig-
nificantly up-regulated and down-regulated between different
chips. All genes up-regulated or down-regulated by over-
expression or under-expression of MYBS3 or by cold are
listed in Tables S7-S11 of Su, et al, Plant Physiol. 2010;
153(1):145-58.

Accession Number

DREBIA (0s09g35030); DREBIB (0s09g35010);
DREBIC (0s06g03670); o Amy3/RAmy3D (Os08g36910);
Cytochrome P450 gene (0s02g47470); Glutamate decar-
boxylase gene (0s03g13300); WRKY77 (Os01g40260);
Multidrug resistance protein 4 gene (Os01g50100); Treha-
lose-6-phosphate phosphatase 1 gene (0s02g44230); and
Trehalose-6-phosphate phosphatase 2 gene (Os10g40550).
Results
Expression of MYBS3 is Ubiquitous and Activated by Cold
Stress

Expression of MYBS3 was found to be ubiquitous in all
tissues in 7-day-old seedlings and 3-month-old mature plants
(including spike, stem, sheath, leaf, senescent leaf, leaf in
light, root in light, leaf in dark, and root in dark) and in
suspension cells of rice cultured in media with or without
sucrose for 2 days. The regulation of MYBS3 expression by
various stresses was investigated by subjecting 10-day-old
rice seedlings to ABA (20 uM), drought (air dry), cold (4° C.),
salt (200 mM NaCl), and heat (45° C.) treatments. The accu-
mulation of MYBS3 mRNA was induced by cold in roots and
by cold and salt in shoots, but reduced by ABA in shoots. In
10-day-old rice seedlings, the expression pattern of MYBS3
and DREB1A under cold stress was further compared. The
amount of MYBS3 mRNA was detectable at 28° C., and
increased 5-fold at 4° C. after 72 h; in contrast, the accumu-
lation of DREB1A mRNA was barely detectable at 28° C.,
increased drastically after shifting to 4° C. and peaked at 6 h,
but declined to one fifth after 72 h (FIG. 2).

To determine whether MYBS3 is regulated by cold at the
transcriptional level, the 2.5-kb MYBS3 promoter was fused
to the reporter gene GFP encoding a green fluorescence pro-
tein and introduced into the rice genome. Ubi promoter fused
to GFP was used as a control. Transgenic rice seedlings were
grown at 4° C. Under the control of MYBS3 promoter, the
accumulation of GFP mRNA was 2.5 times higherat 12 h and
stayed high up to 24 h. In contrast, under the control of Ubi
promoter, the accumulation of GFP mRNA decreased by
nearly 50% at 6 h, and then stayed at similar levels up to 24 h.
This result indicates that the MYBS3 promoter is activated by
cold.

MYBS3 is a transcriptional repressor of cAmy3 SRC in
rice suspension cells (Lu, et al., 2002, Plant Cell 14: 1963-
1980). To determine whether MYBS3 is localized in nucleus,
the Ubi promoter was fused to the MYBS3-GFP fusion DNA.
The Ubi::MYBS3-GFP and Ubi::GFP constructs were intro-
duced into the rice genome. Protoplasts were isolated from
transformed calli, incubated at 4° C. or 28° C., and examined.
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Accumulation of MYBS3-GFP was detected mainly in the
nucleus, whereas GFP alone was distributed throughout the
cell except the vacuole, at both 4° C. and 28° C., suggesting
that MYBS3 is constitutively localized in the nucleus.
MYBS3 is Sufficient and Necessary for Cold Tolerance in
Rice

Since MYBS3 was induced by cold, its role in cold toler-
ance in rice was explored by gain- and loss-of-function
approaches. Constructs Ubi::MYBS3 and Ubi::MYBS3
(RNAI1) (RNA interference) (FIG. 1) were introduced into the
rice genome, and several transgenic lines were obtained.
Compared to the untransformed wild type (WT) rice, the
accumulation of MYBS3 mRNA was 62.5 and 19.4 times that
of WT in MYBS3-overexpression [MYBS3(Ox)] lines
S3(0x)-110-1 and S3(0x)-112-7, and 0.19 and 0.16 times
that of WT in MYBS3-underexpression [MYBS3(R1)] lines
S3(Ri)-42-10 and S3(Ri)-52-7. Each of these lines contained
only one copy of inserted DNA.

To test the cold tolerance of transgenic rice, seedlings were
shifted from 28° C. to 4° C. MYBS3(Ox) lines and WT
remained normal while MYBS3(Ri) lines started to show leaf
rolling at4° C. after 8 h (FIG. 3A), and both WT and MYBS3
(Ri) lines showed leaf rolling and wilting at 4° C. after 24 hin
hydroponic culture (FIG. 3B) or 1 week in soil. Seedlings
seemed to be more sensitive to cold in hydroponic culture,
probably due to weaker growth in hydroponic culture than in
soil. Line S3(0x)-110-1, which accumulated three times
more MYBS3 mRNA than S3(0x)-112-7, conferred higher
cold tolerance than line S3(0x)-112-7. Quantitative analysis
also indicated that MYBS3(Ox) lines were more cold tolerant
than WT and MYBS3(Ri) lines, and WTs were more cold
tolerant than MYBS3(Ri) lines (Table 2). These observations
suggest that MYBS3 is sufficient and necessary for cold
tolerance in rice, and the degree of cold tolerance correlates

with the MYBS3 expression level.

TABLE 2

MYBS3(Ox) lines are more cold tolerant.
No. of plants Total no. of

Line survived* plants tested Survival rate (%)
Wild type 3 30 10.0 £ 0.0
S3(0x)-110-1 18 21 85.7+x10.5
S3(0x)-112-7 2 32 813 +11.1
S3(Ri)-42-10 0 20 0.0=0.0
S3(Ri)-52-7 0 21 0.0 £0.0

*Number of plants survived after exposure to 4° C. for 24 h. Experiments were repeated 4
times. Five to eight plants per line were tested in each experiment. The survival rate is a mean
+

The morphology of transgenic rice was similar to the WT,
except under greenhouse growth conditions, where plants of
the MYBS3(Ox) lines were 20% shorter, had 30% lower tiller
numbers, and headed 1 week later than the WT and MYBS3
(Ri) line. However, in field conditions, most agronomic traits
and yield of MYBS3(Ox) lines were similar to those of the
WT (Table 3).

TABLE 3

Comparison of agronomic traits of a MYBS3(Ox) line with
wild type grown in field.

Trait WT $3(0x)-110-1
Plant height (cm) 101.6 £ 3.7* 95.5+54
Tiller number 12325 19.5+6.8
Panicle number/plant 129+29 19.0=6.1
Panicle length (cm) 189=1.3 18.4+0.1
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TABLE 3-continued

Comparison of agronomic traits of a MYBS3(Ox) line with
wild type grown in field.

Trait WT S3(0x)-110-1
Grain number/panicle 118.0 = 14.5 103.5+8.8
Fertility (%) 95.7+1.2 93.8+ 1.7
Grain yield (g/plant) 41.7=11.0 454+ 159
1000 Grains weight (g) 263 +0.5 243+04

Twenty plants each of WT and line S3(0x)-110-1 per repli-
cate, and with total of 3 replicates, were grown during Feb-
ruary to July, 2008. The value is a mean+SD.

MYBS3 Regulates the Expression of Genes with Diverse
Functions

To identify downstream genes regulated by MYBS3 under
cold stress, seedlings of S3(0x)-110-1, S3(Ri)-52-7 and WT
were grown at 4 and 28° C. for 24 h. Total RNAs were isolated
for microarray analysis using the Affymetrix rice gene chip
array containing 55,515 probe sets. Relative change was cal-
culated by comparing the data for MYBS3(Ox) line or
MYBS3(Ri) line against those for WT grown at 4° C. and 28°
C., generating six comparisons. Only relative changes of
3-fold or more were taken to be significantly different. Based
ona Venn diagram analysis, 89 genes were up-regulated in the
MYBS3(0x) line (compared with WT) at either 4 or 28° C.,
and 1466 genes were up-regulated in WT at 4° C. (compared
with 28° C.). Among these genes, 17 genes were up-regulated
by over-expression of MYBS3 as well as up-regulated by cold
in WT (Table S1 of Su, et al, Plant Physiol. 2010; 153(1):145-
58). On the other hand, 291 genes were down-regulated in the
MYBS3(0x) line (compared with WT) at either 4 or 28° C.,
and 871 genes were down-regulated in WT at 4° C. (com-
pared with 28° C.). Among these genes, 53 genes were down-
regulated by over-expression of MYBS3 as well as down-
regulated by cold in WT (Table S1 of Su, et al, Plant Physiol.
2010; 153(1):145-58).

Another analysis revealed that 389 genes were up-regu-
lated in the MYBS3(Ri) line (compared with WT) at either 4
or 28° C. Among these genes, 17 genes were up-regulated by
under-expression of MYBS3 as well as up-regulated by cold
in WT (Table S2 of Su, et al, Plant Physiol. 2010; 153(1):145-
58). On the other hand, 124 genes were down-regulated in the
MYBS3(Ri) line (compared with WT) at either 4 or 28° C.
Among these genes, 37 genes were down-regulated by over-
expression of MYBS3 as well as by cold in WT (Table S2 of
Su, et al, Plant Physiol. 2010; 153(1):145-58).

The cold- and MYBS3-regulated genes seem to be
involved in diverse functions, and many of them have also
been shown to be regulated by drought and salt stresses
(Tables S1 and S2 of Su, et al, Plant Physiol. 2010; 153(1):
145-58). Among the 17 genes up-regulated by over-expres-
sion of MYBS3 as well as up-regulated by cold in WT, five
genes that have also been shown to be up-regulated by
drought (Table Si of Su, et al, Plant Physiol. 2010; 153(1):
145-58) and cold (Jain, et al., 2007, Plant Physiol 143: 1467-
1483), such as genes encoding glutamate decarboxylase,
WRKY77, multidrug resistance protein 4, and trehalose-6-
phosphate phosphatases (TPP1 and TPP2), were selected for
further quantitative real-time RT-PCR analysis. The accumu-
lation of mRNA of all five genes was significantly increased
in WT and further increased in the MYBS3(Ox) line but
reduced in the MYBS3(Ri) line at 4° C. (Table S3 of Su, et al,
Plant Physiol. 2010; 153(1):145-58), indicating that these
genes are downstream of the MYBS3-mediated cold signal-
ing pathway.
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MYBS3 Suppresses the DREB1-Dependent Pathway Under
Prolonged Cold Stress

We noticed that in the microarray analysis, the DREB1
family, including DREB1A, DREB1B and DREBIC, and
another two DREBI1-like genes (ERF#025 and ERF#104)
were up-regulated in WT at 4° C., but the induction was
surprisingly reduced or abolished in the MYBS3(Ox) line at
4° C. To investigate how MYBS3 regulates DREB1 gene
expression, the accumulation of mRNAs of three DREB1
genes was further analyzed with the quantitative real-time
RT-PCR analysis. Compared with WT, accumulation of
MYBS3 mRNA increased significantly at 28° C. and was
further induced 2-fold at 4° C. in the MYBS3(Ox) line. The
accumulation of MYBS3 mRNA was reduced in the MYBS3
(Ri) line at both 4 and 28° C. In contrast, the cold-induced
DREB1A, DREBI1B and DREBIC expression was signifi-
cantly suppressed in the MYBS3(Ox) line at 4° C. Further-
more, the cold inducibility of ac Amy3/RAmy3D and a cyto-
chrome P450 gene, both members of the cold-inducible
DREBI1A regulon (Ito, et al., 2006, Plant Cell Physiol 47:
141-153), were also significantly reduced in the MYBS3(Ox)
line at 4° C. The accumulation of DREB1, c Amy3/RAmy3D
and cytochrome P450 mRNAs were significantly higher in
the MYBS3(Ri) line than in the MYBS3(Ox) line at 4° C.,
although levels did not reach to that in WT at 4° C.

MYBS3 has been shown to repress cAmy3 SRC through
the TA box (Lu, et al., 2002, Plant Cell 14: 1963-1980).
Examination of promoter regions within 1 kb upstream of the
translation start codon (ATG) revealed the presence of TA box
and/or its variants in DREB1 genes. To determine whether
MYBS3 represses DREB1 promoters, a rice embryo transient
expression assay was performed. Rice embryos were cotrans-
fected with the effector construct containing Ubi promoter
fused to MYBS3 ¢DNA and the reporter construct containing
DREBI1A (1054 bp), DREBI1B (747 bp) or ac Amy3 SRC (105
bp) promoter sequence fused to luciferase cDNA (Luc). Both
DREBI1 promoters were significantly induced at 4° C., but
only the DREB1B promoter was repressed by over-expres-
sion of MYBS3 at 4° C. The aAmy3 SRC was repressed by
over-expression of MYBS3 at both 4 and 28° C., consistent
with the role of MYBS3 as a repressor of cAmy3 SRC (Lu, et
al., 2002, Plant Cell 14: 1963-1980). These results indicate
that MYBS3 could repress DREB1B promoter and cAmy3
SRC at 4° C.

Discussion
A Novel MYBS3-Mediated Cold Signaling Pathway

Both gain- and loss-of-function analyses demonstrated that
the MYBS3-mediated pathway was essential for cold stress
tolerance in rice. DREB1A responded early and transiently,
which is consistent with previous reports in Arabidopsis and
rice (Liu, et al., 1998, Plant Cell 10: 1391-1406; Shinwari, et
al., 1998, Biochem Biophys Res Commun 250: 161-170;
Dubouzet, et al., 2003, Plant J 33: 751-763; and Vogel, et al.,
2005, Plant J 41: 195-211), whereas MYBS3 responded rela-
tively slowly, to cold stress in rice (FIG. 4). The DREB1-
mediated process is most likely crucial in responding to short
term cold stress (cold shock), and the MYBS3-mediated sys-
tem is more important for long-term adaptation to persistent
cold stress.

Transcriptome profiling analyses suggest that multiple
cold response pathways exist in Arabidopsis and rice (Fowler,
et al., 2002, Plant Cell 14: 1675-1690; Vogel, et al., 2005,
Plant J 41: 195-211; Cheng, et al., 2007, BMC Genomics 8:
175; and Chinnusamy, et al., 2007, Trends Plant Sci 12:
444-451). However, the MYBS3-mediated cold signaling
pathway has never been observed previously. MYBS3 acts as
a transcriptional repressor of aAmy3 SRC in the sugar sig-
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naling pathway in rice (Lu, et al., 2002, Plant Cell 14: 1963-
1980), and is constitutively localized in the nucleus in cul-
tured rice suspension cells. These studies indicate that
MYBS3 may play multiple regulatory roles in plant growth in
addition to cold response in rice. Consequently, gene expres-
sionin MYBS3(Ox) or MYBS3(Ri) line altered at 28° C. may
not, whereas that altered at 4° C. may, be involved in cold
response.

The MYBS3-regulated genes encompass a wide range of
functions. In the microarray analysis, among the 17 genes
up-regulated for at least 3-fold by over-expression of MYBS3
aswell as by cold in WT, several of them have previously been
implicated in stress responses and/or tolerance in plants
(Table S1 of Su, et al, Plant Physiol. 2010; 153(1):145-58),
such as glutamate decarboxylase, which catalyzes the con-
version of glutamate to y-aminobutyrate (GABA) and is acti-
vated in response to heat in Arabidopsis roots (Bouche et al.,
2004, Plant Mol Biol 55: 315-325) and to anoxia in rice roots
(Aurisano, et al., 1995, Plant Cell Physiol. 36: 1525-1529);
WRKY77, which activates the ABA-inducible HVA22 pro-
moter in cereal grains (Xie, et al., 2005, Plant Physiol 137:
176-189) and several WRKY's have been shown to confer
biotic and abiotic stress tolerance in Arabidopsis (Ross, etal.,
2007, J Integr Plant Biol 49: 827-842; Lai et al., 2008, BMC
Plant Biol 8: 68; and Zhou et al., 2008, Plant Biotechnol ] 6:
486-503); multidrug resistance protein 4, whose expression is
activated by arsenate and arsenite stresses in rice seedlings
(Chakrabarty, et al., 2009, Chemosphere 74: 688-702) and its
homologous genes confer salt tolerance (Lee, et al., 2004,
Plant Physiol 134: 528-538) and oxidative stress tolerance
against pathogens (Sun, et al., 2006, Plant Cell 18: 3686-
3705) in various plant species.

TPPs are a group of genes worthwhile noting. Trehalose is
a disaccharide sugar widely distributed in bacteria, fungi,
plants and invertebrate animals, and is produced from glucose
by trehalose-6-phosphate synthase (TPS) and TPP, and serves
as sugar storage, metabolic regulator, and protectant again
abiotic stresses (Strom, et al., 1993, Mol Microbiol 8: 205-
210; and Elbein, et al., 2003, Glycobiology 13: 17R-27R).
Trehalose has been shown to stabilize dehydrated enzymes,
proteins, and lipid membranes, as well as to protect biological
structures from damage during desiccation (Elbein, et al.,
2003, Glycobiology 13: 17R-27R). TPP1 and TPP2 are two
major TPP genes expressed in rice seedlings (Shima, et al.,
2007, Febs J 274:1192-1201). Their expression is induced by
cold and other abiotic stresses (Pramanik, et al., 2005, Plant
Mol Biol 58: 751-762; Shima, et al., 2007, Febs ] 274: 1192-
1201; Ge, et al., 2008, Planta 228: 191-201). Trehalose accu-
mulates rapidly and transiently, which follows the transient
induction of TPP activity, in rice tissues during chilling stress
(Pramanik, et al., 2005, Plant Mol Biol 58: 751-762). Over-
expression of TPS and TPP enhances accumulation of treha-
lose and tolerance to cold stress in transgenic tobacco and rice
(Garg, et al., 2002, Proc Natl Acad Sci USA 99: 15898-
15903; Jang, et al., 2003 Plant Physiol 131: 516-524; Ge, et
al., 2008, Planta 228: 191-201; and Iordachescu, et al., 2008,
J Integr Plant Biol 50: 1223-1229). However, the regulatory
mechanism of TPPs by cold or other stresses is unclear.

The accumulation of these MYBS3-activated genes were
significantly increased in the MYBS3(Ox) line and decreased
in the MYBS3(Ri) line at 4° C. MYBS3 confers stress toler-
ance to transgenic rice through the activation of these genes
whose products are involved either in the regulation of gene
expression for cold adaptation or for protection of cells from
chilling injury.
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Complexity in Cold Regulation

The temporal expression patterns and magnitudes of acti-
vation of DREB1A and MYBS3 expression by cold are quite
different (FIG. 2). Several factors have been found to regulate
the expression of DREB1/CBF as mentioned in the introduc-
tion, but the detailed information about the cold signaling
pathways upstream of DREBI1/CBF is rather limited.
Recently, a calmodulin binding transcription factor
(CAMTA) was found to bind to the conserved motif 2 (CM2)
present in promoters (within 200 by upstream of ATG), and
function as a positive regulator, of the rapidly cold-inducible
CBF2 and ZATI12 transcription factors in Arabidopsis
(Doherty, et al., 2009, Plant Cell 21: 972-984). CM2 is
present in one copy in the MYBS3 promoter (-117 to -112
upstream of ATG) (Table S4 of Su, et al, Plant Physiol. 2010;
153(1):145-58). For cold up-regulated but MYBS3 down-
regulated genes, CM2 is present in two copies each in
DREBIB (-134 to -129 and -80 to -75) and cAmy3 (-158
to —153 and -149 to -144) promoters; for cold up-regulated
and MYBS3 up-regulated genes, CM2 is present in the
glutamate decarboxylase (-54 to -49) and WRKY77 promot-
ers (=96 to -91) (Table S4 of Su, et al, Plant Physiol. 2010;
153(1):145-58). Some of other CMs shared by the Arabidop-
sis CBF2 and ZAT12 promoters (Doherty, et al., 2009, Plant
Cell 21: 972-984) could also be found in DREBIB,
DREBIC, cAmy3 and cytochrome P450 promoters (Table
S4 of Su, et al, Plant Physiol. 2010; 153(1):145-58), but the
function of these cis-acting elements and the identify of their
interacting transcription factors in cold signaling have not
been determined (Doherty, et al., 2009, Plant Cell 21: 972-
984).

CMs 1-7 have been found in the Arabidopsis CBF2 pro-
moter (within 200 by upstream of ATG) (Doherty, et al., 2009,
Plant Cell 21: 972-984), however, only CM4 is present in the
1-kb promoter region of DREB1C (the rice CBF2 homolog),
suggesting that the mechanism of cold regulation on the
DREB1/CBF family might have diverged throughout evolu-
tion. No CM is present in the 1-kb promoter region of
DREBI1A, indicating unidentified cis-acting element(s) could
be responsible for cold induction of DREB1A. It appears that
combinations of various cis-acting elements and interacting
transcription factors constitute the quantitative and temporal
regulation of the DREBI1- and MYBS3-dependent cold sig-
naling cascades.

It is also noticed that the DREB1A target sequence DRE
(Tto, et al., 2006, Plant Cell Physiol 47: 141-153), is present in
aAmy3 (-153 to —148) and cytochrome P450 (-605 to —600)
promoters, and interestingly, it overlaps with the two CM2s in
aAmy3 promoter. None of the 1-kb promoter regions of
MYBS3-activated genes further characterized in this study
contains DRE.

How MYBS3 represses the expression of the DREB1 regu-
lon is unclear. The TA box has been shown to function in both
sense and antisense orientations (Lu, et al., 1998, ] Biol Chem
273: 10120-10131). Promoters of the cold inducible but
MYBS3 repressible genes, except cytochrome P450, contain
TA box orits variants (Yu, 1999, Regulation of alpha-amylase
gene expression. In K Shimamoto, ed, Molecular Biology of
Rice, Springer-Verlag, Tokyo, pp 161-178; and Wang, et al.,
2007, Plant Mol Biol 63: 441-463) in sense or antisense
orientation (Table S5 of Su, et al, Plant Physiol. 2010; 153
(1):145-58), which could be the target of repression by
MYBS3. However, in the transient expression assay, the 747-
bp DREB1B promoter and 105-bp cAmy3 SRC, but not the
1054-bp DREB1A promoter, were repressed by over-expres-
sion of MYBS3 at 4° C. One explanation is that the TA3 box
(=625 to -620) in the 1054-bp DREB1A promoter did not
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function as well as the TA2 box (-85 to -80) in the 747-bp
DREBI1B promoter and the TA1 box (the canonical TA box)
(2 copies between —116 to —=105) in the 105-bp aAmy3 SRC
in the rice embryo transient expression assay.

How MYBS3 activates the expression of downstream
genes in the cold signaling pathway, by serving as a transcrip-
tional activator or repressing a transcriptional repressor, is
unclear. However, except TPP2, other MYBS3 up-regulated
genes also contain TA box orits variants (Table S5 of Su, et al,
Plant Physiol. 2010; 153(1):145-58). Both MYBSI1 and
MYBS3 bind specifically to the TA box, however, MYBS1
activates and MYBS3 represses cAmy3 SRC under sugar
starvation (Lu, et al., 2002, Plant Cell 14: 1963-1980). MYBs
with one single DNA binding domain (1R MYB) have been
proposed to bind DNA as a dimer, and MYBS1 does whereas
MYBS3 doesn’t form a homodimer (Lu, et al., 2002, Plant
Cell 14: 1963-1980). Whether MYBS3 could be converted
into an activator, by interacting with other 1R MYB and
forming a heterodimer or with other transcription factor(s),
remains for further study.

Taken together, above studies suggest the complexity of
cold regulation in plants, which involves multiple cis-acting
elements and transcription factors. Additionally, the regula-
tion of the MYBS3-dependent pathway differs from that of
the DREB1- or ROS-mediated pathways in response to cold
stress (Ito, et al., 2006, Plant Cell Physiol 47: 141-153;
Cheng, et al., 2007, BMC Genomics 8: 175), which suggests
that MYBS3 defines a new signaling pathway mediating cold
adaptation inrice. [t appears that distinct regulatory pathways
function in fine tuning the qualitative and quantitative gene
expressions for short- and long-term cold adaptation in rice
(FIG. 4).

MYBS3 as a Tool for Improving Cold Stress Tolerance in
Crops

Compared with microbial TPP, the rice TPP has been
shown to be rather unstable, which leads to low level accu-
mulation of trehalose in rice under normal growth conditions
(Shima, etal., 2007, Febs J 274: 1192-1201). Althoughin WT
plant, the expression of two rice TPPs is induced by cold, it
peaks around 24 h and declined afterward at 4-6° C. (Pra-
manik, et al., 2005, Plant Mol Biol 58: 751-762; and Ge, et al.,
2008, Planta 228: 191-201). The significant activation of TPP
expression in the MYBS3(Ox) line may increase the accu-
mulation of trehalose to levels high enough to confer cold
tolerance in rice.

In the MYBS3(Ri) line, the expression of three DREBI1
genes were 50-94% of the WT at 4° C., probably due to
weaker growth and reduced cellular activities of plants under
cold stress, as mentioned above that MYBS3 may play mul-
tiple regulatory roles in plant growth in addition to cold
response in rice. However, it suggests that high-level DREB1
expression is insufficient to sustain cold tolerance if the level
of MYBS3 expression is too low to efficiently activate the
TPP-mediated cold response pathway. Consequently, the
sequential expression of DREB1 and MYBS3 provides rice
two complementary mechanisms for conferring cold toler-
ance in rice, with the DREB1-mediated process mediates the
immediate cold shock response and the MYBS3-mediated
system adjusts the long-term cold adaptation in rice. The
antithetical regulation of aAmy3 in rice seedlings by two
different pathways is physiologically meaningful: the tran-
sient activation of atAmy3 expression by DREB1 allows
hydrolysis of reserved starch for providing immediate need of
carbon source and energy to combat the cold shock, while the
subsequent suppression of aAmy3 expression by MYBS3
allows rice to conserve carbohydrates until re-growth is
allowed at elevated temperatures. It would be interesting to
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test whether stacking of these two systems, by over-expres-
sion of both DREB1 and MYBS3, could further enhance the
cold tolerance in rice.

Overexpression of proteins or enzymes associated with
stress responses has been a common practice in improving
stress tolerance of crop plants. However, constitutive overex-
pression of these proteins frequently leads to impaired plant
growth or yield penalty. For example, though transgenic Ara-
bidopsis and rice constitutively overexpressing CBF/DREB1
and a NAC6 transcription factor are highly tolerant to freez-
ing, the growth rates of these transgenic plants, however, are
severely retarded under normal growth conditions (Jaglo-
Ottosen, et al., 1998, Science 280: 104-106; Liu, et al., 1998,
Plant Cell 10: 1391-1406; Kasuga, et al., 1999, Nat Biotech-
nol 17: 287-291; Gilmour, et al., 2000, Plant Physiol 124:
1854-1865; Tto, et al., 2006, Plant Cell Physiol 47: 141-153;
and Nakashima et al., 2007, Plant J 51: 617-630). Using
stress-inducible promoters for the expression of these tran-
scription factors minimize their negative effects on plant
growth (Kasuga, et al., 1999, Nat Biotechnol 17: 287-291;
and Nakashima, etal., 2007, Plant J 51: 617-630). Transgenic
seedlings were able to withstand 4° C. for at least 1 week after
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shifting from 28° C., which could significantly protect seed-
lings from chilling injury in rice fields in areas where are
easily prone to transient temperature drops in early spring.
Although the growth of MYBS3(Ox) lines was affected to
certain extent in the greenhouse, the growth and yield of line
S3(0x)-110-1 was normal in field (Table 3). In conclusion,
MYBS3 can be used for the improvement of cold tolerance in
rice and possibly other crop plants.

Other Embodiments

All of the features disclosed in this specification may be
combined in any combination. Each feature disclosed in this
specification may be replaced by an alternative feature serv-
ing the same, equivalent, or similar purpose. Thus, unless
expressly stated otherwise, each feature disclosed is only an
example of a generic series of equivalent or similar features.

A number of embodiments of the invention have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit
and scope of the invention. Accordingly, other embodiments
are within the scope of the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 66
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 318
TYPE: PRT
ORGANISM: Oryza sativa

<400> SEQUENCE: 1

Met Thr Arg Arg Cys His Ser His Asn

1 5

Ser Cys Gly

Thr Val Ile

25

Asn Phe Val

20

Cys Pro Arg Gly Lys Gly

Ile
35

Ala Ser Met Asn Leu

40

Gly Ser Arg Lys Ser Gly

45

Ala
50

Ala Thr Ala Pro

60

Ser Ser

55

Ser Gly Ser Gly Gly

Asp Ala Ala Pro Thr Ala Ala Asp Gly Tyr Ala Ser

Gln Gly Phe Ser Ala Thr

85

Ser Arg Asp Arg

90

Lys Lys

Thr Glu Glu Glu

100

Phe Leu Leu Leu

105

His Arg Arg Gly

Ile Ser Asn Phe Val

120

Lys Gly Asp

115

Trp Arg Gly Arg

Thr
130

Gln Val Ala Ala Gln Phe

140

His
135

Pro Ser Lys Tyr

Met Thr Leu Phe

155

Asn Ser Ser

145

Arg Arg Lys

150

Arg Arg

Glu Met Pro

170

Asp Ser Asp Leu Pro Pro Leu

165

Gly Gly

Thr Gln Val Gln Ala Leu Pro Pro Pro

185

Leu Asn Pro

180

Glu Val Asp Ser Met Glu Ser Thr Ser Ala Val

195

Asp
200

Ala
210

Ala Ile Met Gln Ser

220

Pro Asn Leu

215

Ser Ser Asp

His

Arg

Ser

Ala

Asp

Gly

Gln

Val

125

Ile

Asp

Gln

Lys

Ala

205

Thr

Asn

Leu

Ser Arg

Thr

30

Leu

Asp

Asp

Val

Lys

Leu Ser

Gly Pro
Phe Val

Pro
95

Trp

Leu Gly

110

Ser

Arg

Met

Glu

Glu

Arg Thr

Gln Ser

Val Pro

160
Pro Glu
175

Glu Glu

190

Glu

Tyr

Ser Ser

Pro Val
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-continued
Ile Val Pro Ala Tyr Phe Ser Pro Phe Leu Gln Phe Ser Val Pro Phe
225 230 235 240
Trp Gln Asn Gln Lys Asp Glu Asp Gly Pro Val Gln Glu Thr His Glu
245 250 255
Ile Val Lys Pro Val Pro Val His Ser Lys Ser Pro Ile Asn Val Asp
260 265 270
Glu Leu Val Gly Met Ser Lys Leu Ser Ile Gly Glu Ser Asn Gln Glu
275 280 285
Thr Glu Ser Thr Ser Leu Ser Leu Asn Leu Val Gly Gly Gln Asn Arg
290 295 300
Gln Ser Ala Phe His Ala Asn Pro Pro Thr Arg Ala Gln Ala
305 310 315
<210> SEQ ID NO 2
<211> LENGTH: 1287
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 2
atcgatcgat cgatctccat aggtggggga agggaagett tggaaggtgyg agggacggag 60
ggggggatga cgaggcggtyg ctcegecactge agccacaacg ggcacaactc geggacgtge 120
cccaaccgeg gggtcaagat ctteggggtyg cgectcaceyg atggctccat ccgcaagage 180
gecagcatgyg ggaacctcte cctectetee tecgecgeceyg gatccaccag cggeggegec 240
tceceegeeg acggecccga cgccgeccee accgecgeceyg acggctacge ctcecgacgac 300
ttegtecagg gettetecte cgccaccege gaccgcaaga agggtgttece ttggactgaa 360
gaagaacacc ggaggttttt gcttggattg caaaagettg gcaaaggtga ttggcgagga 420
atctctcegta atttegtggt ctcaagaaca cctactcaag tagccagtca tgctcagaaa 480
tattttatac gccaatccaa tatgaccaga aggaaaagaa ggtctagect ttttgacatg 540
gtgccagatyg agtctatgga ccttccacca cttectggag gtcaagaacc agagacccaa 600
gtattaaatc aaccagcact acctccaccg aaggaggaag aggaggtaga ttctatggag 660
tcagatactt ctgccgttge agagagetcet tecgettetyg ctatcatgec agataatttg 720
cagtcgacct atccagtgat tgttccagct tatttctege cctttttgca attcteggtt 780
cctttetgge aaaatcagaa agatgaagat ggtcctgtge aagaaacaca tgagattgte 840
aagcctgtte cagttcattc aaagagecca atcaacgttyg atgagettgt tggcatgtceg 900
aagctcagca taggagagtc caatcaagag acagagtcta cttctcttte attaaatctg 960
gtaggaggtc aaaatagaca atcagctttc catgcaaatc caccaacaag ggcacaggca 1020
tgatctggtt gtgcacacaa ctgcatttag atgaatccca ggcaaaataa gctttgecte 1080
cttgtttttt tgtttttatt ttaagattaa ccgttctecg tagtctgtat catgtgectgt 1140
aagttatgct atgtatgaat gtatctgttg tttgtctggce acacatgata aatcactcta 1200
tgttaacaaa atcagtaatg gtagtgctga tcttcgtggt tgtactgttg taaactcttt 1260
tataagaaaa aaaaatatta gttagtc 1287
<210> SEQ ID NO 3
<211> LENGTH: 717
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 3
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atgtgcggga tcaagcagga gatgagcgge gagtcegtegg ggtegeegtyg cagetceggeg 60
teggeggage ggcagcacca gacggtgtgg acggcegecege cgaagaggcec ggeggggcegyg 120
accaagttca gggagacgag gcacccggtg ttcecgeggeg tgcggcggag gggcaatgec 180
gggaggtggg tgtgcgaggt gegggtgcce gggeggegeg gotgcagget ctggetegge 240
acgttcgaca ccgccgaggg cgcggegcge gcgcacgacg ccgccatget cgccatcaac 300
gccggeggeg geggeggegg gggagcatge tgectcaact tegecgactce cgegtggetc 360
ctcgeegtge cgegctcocta ccegecacccte gcoccgacgtee gcecacgecgt cgcecgaggec 420
gtcgaggact tctteceggeg cegectegec gacgacgege tgtccgcecac gtcegtegtec 480
tcgacgacgc cgtccaccce acgcaccgac gacdacgagg agtccgecgce caccgacggc 540
gacgagtcct ccteccegge cagcecgacctg gegttcgaac tggacgtcct gagtgacatg 600
ggctgggace tgtactacgc gagcttggeg caggggatgce tcatggagec accatcggeg 660
gcgeteggeg acgacggtga cgccatccte gecgacgtce cactctggag ctactag 717

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 4
H: 238
PRT
ISM: Oryza

<400> SEQUENCE: 4

Met Cys Gly
1

Cys Ser Ser
Pro Pro Lys
35

Pro Val Phe
50

Cys Glu Val
65

Thr Phe Asp

Leu Ala Ile

Asn Phe Ala

115

Thr Leu Ala
130

Phe Arg Arg
145

Ser Thr Thr

Ala Thr Asp

Glu Leu Asp
195

Leu Ala Gln
210

Asp Gly Asp
225

<210> SEQ I

Ile Lys Gl
5

Ala Ser Al

Arg Pro Al

Arg Gly Va

Arg Val Pr

70

Thr Ala G1
85

Asn Ala G1
100

Asp Ser Al

Asp Val Ar

Arg Leu Al
15

sativa

n Glu Met

a Glu Arg

a Gly Arg

40

1 Arg Arg
55

o Gly Arg

u Gly Ala

y Gly Gly

a Trp Leu

120

g His Ala
135

a Asp Asp
0

Pro Ser Thr Pro Arg

165
Gly Asp Gl
180
Val Leu Se

Gly Met Le

Ala Ile Le
23

D NO 5

u Ser Ser
r Asp Met
200

u Met Glu
215

u Ala Asp
0

Ser Gly Glu
10

Gln His Gln
25

Thr Lys Phe
Arg Gly Asn
Arg Gly Cys

75
Ala Arg Ala
Gly Gly Gly
105

Leu Ala Val

Val Ala Glu

Ala Leu Ser
155

Thr Asp Asp
170

Ser Pro Ala
185

Gly Trp Asp

Pro Pro Ser

Val Pro Leu
235

Ser Ser Gly

Thr Val Trp

Arg Glu Thr

45

Ala Gly Arg
60

Arg Leu Trp

His Asp Ala

Gly Ala Cys
110

Pro Arg Ser
125

Ala Val Glu
140

Ala Thr Ser

Asp Glu Glu

Ser Asp Leu
190

Leu Tyr Tyr
205

Ala Ala Leu
220

Trp Ser Tyr

Ser Pro

15

Thr Ala

Arg His

Trp Val

Leu Gly

80

Ala Met

Cys Leu

Tyr Arg

Asp Phe

Ser Ser

160
Ser Ala
175
Ala Phe

Ala Ser

Gly Asp
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<211> LENGTH: 657
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 5
atggaggtgg aggaggcggc gtacaggacg gtgtggtcgg agccgccgaa gaggccggeg 60
ggaaggacca agttcaggga gacgaggcac ccggtgtace geggegtgeyg geggegeggyg 120
gggeggeegg gcegeggeggg daggtgggtg tgcgaggtge gggtgeccgg ggcegcegegge 180
tccaggetgt ggeteggeac gttegecace gecgaggegg cggegegege gcacgacgece 240
gecgegetgg cgetecegegg cagggecgee tgectcaact tegecgacte cgegtggegyg 300
atgccgeceg tcccegegte cgecgegete geeggegega ggggggtceag ggacgecegte 360
geegtggecyg tcgaggegtt ccagegecag teggecgege cgtegtetee ggeggagace 420
ttcgeccaacyg atggcgacga agaagaagac aacaaggacg tgttgecggt ggeggeggeg 480
gaggtgttceg acgcggggge gttegagete gacgacgggt tcaggttegyg cgggatggac 540
geegggtegt actacgegag cttggegcag gggetgeteg tegagecgeco ggecgecgga 600
gegtggtggyg aggacggcega getegecgge tccgacatge cgetetggag ctactaa 657
<210> SEQ ID NO 6
<211> LENGTH: 218
<212> TYPE: PRT
<213> ORGANISM: Oryza sativa

<400> SEQUENCE: 6

Met Glu Val
1

Lys Arg Pro
Tyr Arg Gly
35

Trp Val Cys
50

Leu Gly Thr
65

Ala Ala Leu

Ser Ala Trp

Ala Arg Gly
115

Arg Gln Ser
130

Gly Asp Glu
145

Glu Val Phe

Gly Gly Met

Leu Val Glu
195

Ala Gly Ser
210

Glu Glu Ala Ala Tyr

5

Ala Gly Arg Thr Lys

20

Val Arg Arg Arg Gly

40

Glu Val Arg Val Pro

55

Phe Ala Thr Ala Glu

70

Ala Leu Arg Gly Arg

85

Arg Met Pro Pro Val

100

Val Arg Asp Ala Val

120

Ala Ala Pro Ser Ser

135

Glu Glu Asp Asn Lys
150

Asp Ala Gly Ala Phe

165

Asp Ala Gly Ser Tyr

180

Pro Pro Ala Ala Gly

200

Asp Met Pro Leu Trp

215

Arg Thr Val
10

Phe Arg Glu
25

Gly Arg Pro

Gly Ala Arg

Ala Ala Ala
75

Ala Ala Cys
90

Pro Ala Ser
105

Ala Val Ala

Pro Ala Glu

Asp Val Leu
155

Glu Leu Asp
170

Tyr Ala Ser
185

Ala Trp Trp

Ser Tyr

Trp Ser Glu
Thr Arg His
30

Gly Ala Ala
45

Gly Ser Arg
60

Arg Ala His

Leu Asn Phe

Ala Ala Leu

110

Val Glu Ala
125

Thr Phe Ala
140

Pro Val Ala

Asp Gly Phe

Leu Ala Gln
190

Glu Asp Gly
205

Pro Pro

15

Pro Val

Gly Arg

Leu Trp

Asp Ala

Ala Asp

95

Ala Gly

Phe Gln

Asn Asp

Ala Ala
160

Arg Phe
175

Gly Leu

Glu Leu
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<210> SEQ ID NO 7
<211> LENGTH: 645
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 7
atggagtact acgagcagga ggagtacgcg acggtgacgt cggegccgece gaageggcecg 60
gecggggagga ccaagttcag ggagacgagg caccceggtgt accgeggegt geggeggegyg 120
gggeccegegy ggeggtgggt gtgegaggtce agggagecca acaagaagtc ccegeatctgg 180
cteggeacct tegecaccge cgaggecgece gegegegece acgacgtege cgcegetegece 240
ctecgeggee geggegegtyg cctcaactte gecgactegyg cecgectect ccegegtegac 300
ceggecaccee tegecacccee cgacgacatce cgecgegecyg ccatcgaget cgcecgagtca 360
tgccegecacyg acgcecgecge cgeccgecgece tecagceteeyg cegecgecegt cgaggectece 420
geegecgeeyg cgeccgecat gatgatgcag taccaggacg acatggegge gacgecgtec 480
agctacgact acgcgtacta cggcaacatg gacttcgacce agcecgtccta ctactacgac 540
gggatgggeyg gcggcggcga gtaccagage tggcagatgg acggcgacga cgatggtgge 600
geeggegget acggeggegg cgacgtcaca ctcetggaget actga 645
<210> SEQ ID NO 8
<211> LENGTH: 214
<212> TYPE: PRT
<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 8
Met Glu Tyr Tyr Glu Gln Glu Glu Tyr Ala Thr Val Thr Ser Ala Pro
1 5 10 15
Pro Lys Arg Pro Ala Gly Arg Thr Lys Phe Arg Glu Thr Arg His Pro
20 25 30
Val Tyr Arg Gly Val Arg Arg Arg Gly Pro Ala Gly Arg Trp Val Cys
35 40 45
Glu Val Arg Glu Pro Asn Lys Lys Ser Arg Ile Trp Leu Gly Thr Phe
50 55 60
Ala Thr Ala Glu Ala Ala Ala Arg Ala His Asp Val Ala Ala Leu Ala
65 70 75 80
Leu Arg Gly Arg Gly Ala Cys Leu Asn Phe Ala Asp Ser Ala Arg Leu
85 90 95
Leu Arg Val Asp Pro Ala Thr Leu Ala Thr Pro Asp Asp Ile Arg Arg
100 105 110
Ala Ala Ile Glu Leu Ala Glu Ser Cys Pro His Asp Ala Ala Ala Ala
115 120 125
Ala Ala Ser Ser Ser Ala Ala Ala Val Glu Ala Ser Ala Ala Ala Ala
130 135 140
Pro Ala Met Met Met Gln Tyr Gln Asp Asp Met Ala Ala Thr Pro Ser
145 150 155 160
Ser Tyr Asp Tyr Ala Tyr Tyr Gly Asn Met Asp Phe Asp Gln Pro Ser
165 170 175
Tyr Tyr Tyr Asp Gly Met Gly Gly Gly Gly Glu Tyr Gln Ser Trp Gln
180 185 190
Met Asp Gly Asp Asp Asp Gly Gly Ala Gly Gly Tyr Gly Gly Gly Asp
195 200 205
Val Thr Leu Trp Ser Tyr

210
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<210> SEQ ID NO 9
<211> LENGTH: 762
<212> TYPE: DNA
<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 9
atggagaaga acaccgccgce cagcgggcaa ttgatgacct cctecgcegga ggcgacgecyg 60
tegtegecga ageggecgge ggggcgaacce aagttcecagyg agacgaggca cctagtgtte 120
cgtggggtge gatggcegtgg gtgegegggg cggtgggtgt gcaaggtgcg tgtcceggge 180
agccgeggtyg accgtttetyg gataggeacg tcetgacacceyg ccgaggagac cgcgegcacyg 240
cacgacgcceg ccatgetege cttgtgeggg gectccegeca gectcaactt cgecgactet 300
gectggetge tecacgtcecee gegegecccee gtegteteeg gactceeggece accagetgece 360
cgatgtgcaa cgcgcetgect gcaaggecat cgecgagtte cagegecggyg ccgggggage 420
accgecactg ccactgecac ctccggegat getgcatega cegetcectee gtceggeacce 480
gttctgtcag ccaaacaatg cgaattcatc tttctttctt cactagattg ttggatgtta 540
atgtcaaagc ttatcagcag tagcagagca aaaggatcgt tgtgcctgeg aaaaaatcce 600
atttcatttt gcatggttac aaattcttac actgctcttt tgctcgaata cattatattg 660
cagatgaatt caatgatcgt tttaatccac gaattatcaa aatatcaagt ctttctgcta 720
ctaaccatga taacacacca cctttttcaa tggaggaggt ag 762
<210> SEQ ID NO 10
<211> LENGTH: 253
<212> TYPE: PRT
<213> ORGANISM: Oryza sativa
<400> SEQUENCE: 10

Met Glu Lys Asn Thr Ala Ala Ser

1

Glu

Gln

Ala

Arg
65

Phe

Ser

Gly

Thr

145

Val

Cys

Ser

Ala

Glu

Gly

50

Phe

Asp

Ala

Gly

His

130

Ala

Leu

Trp

Leu

Thr

Thr

35

Arg

Trp

Ala

Asp

Leu

115

Arg

Thr

Ser

Met

Cys

Pro Ser Ser Pro Lys

20

Arg His Leu Val Phe

40

Trp Val Cys Lys Val

55

Ile Gly Thr Ser Asp

70

Ala Met Leu Ala Leu

85

Ser Ala Trp Leu Leu

100

Arg Pro Pro Ala Ala

120

Arg Val Pro Ala Pro

135

Ser Gly Asp Ala Ala
150

Ala Lys Gln Cys Glu

165

Leu Met Ser Lys Leu

180

Leu Arg Lys Asn Pro

Gly Gln Leu
10

Arg Pro Ala
25

Arg Gly Val

Arg Val Pro

Thr Ala Glu
75

Cys Gly Ala

His Val Pro
105

Arg Cys Ala

Gly Arg Gly

Ser Thr Ala

155

Phe Ile Phe
170

Ile Ser Ser
185

Ile Ser Phe

Met Thr Ser

Gly Arg Thr
30

Arg Trp Arg

Gly Ser Arg
60

Glu Thr Ala

Ser Ala Ser

Arg Ala Pro
110

Thr Arg Cys
125

Ser Thr Ala
140

Pro Pro Ser

Leu Ser Ser

Ser Arg Ala

190

Cys Met Val

Ser Ala
15

Lys Phe

Gly Cys

Gly Asp

Arg Thr
80

Leu Asn
95

Val Val

Leu Gln

Thr Ala

Ala Pro
160

Leu Asp
175

Lys Gly

Thr Asn
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49

-continued

50

195 200 205

Ser Tyr Thr Ala Leu Leu Leu Glu Tyr Ile Ile Leu Gln Met Asn Ser

210 215 220

Met Ile Val Leu Ile His Glu Leu Ser Lys Tyr Gln Val Phe Leu Leu

225 230 235

Leu Thr Met Ile Thr His His Leu Phe Gln Trp Arg Arg
245 250

<210> SEQ ID NO 11

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 11

cctttetgge aaaatcagaa aga

<210> SEQ ID NO 12

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 12

atgaactgga acaggcttga ca

<210> SEQ ID NO 13

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 13

geggatcece ttttgacttg caggttaatt acttcagg

<210> SEQ ID NO 14

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 14

catgccatgyg tttaaaccce cecteegtee ctecacctte ¢

<210> SEQ ID NO 15

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 15

ggacctgtac tacgcgaget t

<210> SEQ ID NO 16

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

240

23

22

38

41

21
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-continued

52

<400> SEQUENCE: 16

ggcaaaattg tacagttgat tga

<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 17

ttgaccggga taccgaatta

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 18

gtaatggcga tgggagaaga

<210> SEQ ID NO 19

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 19

agctegeegyg ctecgaca

<210> SEQ ID NO 20

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 20

gggagaaatc tggcacatte ¢

<210> SEQ ID NO 21

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 21

aggtaagcca ttagcgcatg

<210> SEQ ID NO 22

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 22

ggatgactct ctctggttcea

<210> SEQ ID NO 23
<211> LENGTH: 23

23

20

20

18

21

20

20
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54

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 23

gagttggagce tagcagtttt gag

<210> SEQ ID NO 24

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 24

tagctgtata ggaggagcaa agc

<210> SEQ ID NO 25

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 25

gtaggcagge tctctagect ctagg

<210> SEQ ID NO 26

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 26

gtaggcagge tctctagect ctagg

<210> SEQ ID NO 27

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 27

gtcatccagg agacgatgag g

<210> SEQ ID NO 28

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 28

gatgttgegg aacagaggta g

<210> SEQ ID NO 29

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 29

23

23

25

25

21

21
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-continued

56

cctatcaact ttcgatggta ggata

<210> SEQ ID NO 30

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 30

cgttaaggga tttagattgt actcatt

<210> SEQ ID NO 31

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 31

ggagttccte aatttcttgg tg

<210> SEQ ID NO 32

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 32

cgecteggaa actacagtta tt

<210> SEQ ID NO 33

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 33

aggatgcatt caaggttctg a

<210> SEQ ID NO 34

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 34

caagatgcca gtttcttecag g

<210> SEQ ID NO 35

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 35
cctgtecttt taccagacaa cc
<210> SEQ ID NO 36

<211> LENGTH: 22

<212> TYPE: DNA
<213> ORGANISM: Artificial sequence

25

27

22

22

21

21

22
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-continued

58

<220> FEATURE:
<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 36

ggaccatgtg gtctetettt te

<210> SEQ ID NO 37

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 37

caggcagagyg aacaggtgat

<210> SEQ ID NO 38

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 38

cgtaccggaa caagctgaac

<210> SEQ ID NO 39

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 39

aagacgctge tgattgatat gat

<210> SEQ ID NO 40

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 40

tggtagctca caccatgaat gta

<210> SEQ ID NO 41

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 41

ggaatggaca attagtttgt ctcc

<210> SEQ ID NO 42

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic oligonucleotide

<400> SEQUENCE: 42

atatatcgat gggccgtaat ttt

22

20

20

23

23

24

23
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<210> SEQ ID NO 43
<211> LENGTH: 1129
<212> TYPE: DNA
<213> ORGANISM: Arabidopsis thaliana
<400> SEQUENCE: 43
atgactcgte gatgttctca ctgcaatcac aatggccaca actcteggac ttgtcccaat 60
cgeggegtga agetetttgg tgtteggete accgaaggtt cgatceggaa aagtgcaagt 120
atgggtaatc ttagccatta cacgggttcet ggategggtg ggcatggaac cgggtccaac 180
actcecgggtt cteecgggtga tgtcecctgac catgtegetg gtgatggtta cgettcetgag 240
gatttegttyg ctggetette ctctagecege gagagaaaga aaggaactcce atggacagag 300
gaagaacaca ggatgttctt attaggttta cagaagctgg gtaaaggtga ttggagaggt 360
atctcaagaa actatgtgac cactaggaca cctacacaag ttgctageca tgctcagaag 420
tatttcatca gacaatccaa tgtctctegt cgcaaaagac gttetagtcet ctttgatatg 480
gttcctgatyg aggttggaga tattcccatg gatttgcaag aaccagagga agataatatt 540
cctgtggaaa ctgaaatgca aggtgctgac tctattcate agacacttge tcctagetca 600
cttcacgcac cgtcaatctt ggaaatcgaa gaatgtgaat caatggactce cacaaactct 660
accaccgggyg aaccaaccge aactgecget getgettett cttettecag actagaagaa 720
accacacaac tgcaatcaca actgcaaccg cagccgcaac tacctggete attccccata 780
ctatatccga cctactttte accatattac ccgtttecat teccaatatg gectgetggt 840
tatgttcctyg aaccacccaa gaaagaggaa actcatgaaa ttctcagacce aactgetgtg 900
cactcgaaag ctectatcaa tgttgacgag cttettggta tgtctaaget cagecttgea 960

gagtccaaca aacatggaga atccgatcag tctctttcat tgaagctagg tggcgggtca 1020
tcttcaagac aatcagcatt tcacccgaat cctagctcetg atagttcaga catcaaaagc 1080
gtgatacacg ctttataaaa gacctgagga agtgatggtc taaaatggg 1129
<210> SEQ ID NO 44

<211> LENGTH: 365

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 44

Met Thr Arg Arg Cys Ser His Cys Asn His Asn Gly His Asn Ser Arg
1 5 10 15

Thr Cys Pro Asn Arg Gly Val Lys Leu Phe Gly Val Arg Leu Thr Glu
20 25 30

Gly Ser Ile Arg Lys Ser Ala Ser Met Gly Asn Leu Ser His Tyr Thr
35 40 45

Gly Ser Gly Ser Gly Gly His Gly Thr Gly Ser Asn Thr Pro Gly Ser
50 55 60

Pro Gly Asp Val Pro Asp His Val Ala Gly Asp Gly Tyr Ala Ser Glu
65 70 75 80

Asp Phe Val Ala Gly Ser Ser Ser Ser Arg Glu Arg Lys Lys Gly Thr
85 90 95

Pro Trp Thr Glu Glu Glu His Arg Met Phe Leu Leu Gly Leu Gln Lys
100 105 110

Leu Gly Lys Gly Asp Trp Arg Gly Ile Ser Arg Asn Tyr Val Thr Thr
115 120 125

Arg Thr Pro Thr Gln Val Ala Ser His Ala Gln Lys Tyr Phe Ile Arg
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62

Gln
145
Val

Glu

Ile

Pro

225

Thr

Ser

Pro

Glu

Pro

305

Glu

Gly

Ser

130

Ser

Pro

Asp

Gln

Glu

210

Thr

Thr

Phe

Phe

Glu

290

Ile

Ser

Gly

Asp

135

Asn Val Ser Arg Arg Lys
150

Asp Glu Val Gly Asp Ile

165

Asn Ile Pro Val Glu Thr

180

Thr Leu Ala Pro Ser Ser

195

200

Glu Cys Glu Ser Met Asp

215

Ala Thr Ala Ala Ala Ala
230

Gln Leu Gln Ser Gln Leu

245

Pro Ile Leu Tyr Pro Thr

260

Pro Ile Trp Pro Ala Gly

275

280

Thr His Glu Ile Leu Arg

295

Asn Val Asp Glu Leu Leu
310

Asn Lys His Gly Glu Ser

325

Gly Ser Ser Ser Arg Gln

340

Ser Ser Asp Ile Lys Ser

355

<210> SEQ ID NO 45
<211> LENGTH: 1164
<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thal

<400> SEQUENCE: 45

atgactcgte ggtgttegea

cgtggtggtg gcacgtgegg

tctggttect ccteegeegt

aaaaagagtyg cgagtatggg

caccaccgtt tatctecegte

tcggatcatyg cccgatacte

getcatggtt ctgggtctag

gaagaggaac atagactatt

ggtatttcga gaaactatgt

aagtatttta ttcgacatac

atggttacag atgagatggt

ggttcctete caagcaagga

ctcaataata ccacagaagc

caagaagcta tagaaccatc

360

ttgtagcaac

tggaagtggc

gaagttattt

taatctcteg

gtctectety

taatttgcat

tcaccgtegt

cttagteggt

aacgtcaaga

tagttcaage

aaccgattca

acctgaaaag

tgaagaggtc

aaatggtgtt

Arg Arg Ser
155

Pro Met Asp
170

Glu Met Gln
185

Leu His Ala

Ser Thr Asn

Ser Ser Ser

235

Gln Pro Gln
250

Tyr Phe Ser
265

Tyr Val Pro

Pro Thr Ala

Gly Met Ser
315

Asp Gln Ser
330

Ser Ala Phe
345

Val Ile His

iana

aatgggcaca
ggaggaggag
ggtgtgaggt
gecattggetyg
gegacgtcaa
cataatgaag
ggtgagagga
cttcagaaac
actcctacac
cgcaggaaaa
tcgccaacac
aaaagctacc
gtagccacgg

tcaccaatge

140

Ser

Leu

Gly

Pro

Ser

220

Ser

Pro

Pro

Glu

Val

300

Lys

Leu

His

Ala

Leu

Gln

Ala

Ser

205

Thr

Arg

Gln

Tyr

Pro

285

His

Leu

Ser

Pro

Leu
365

Phe Asp Met
160

Glu Pro Glu
175

Asp Ser Ile
190

Ile Leu Glu

Thr Gly Glu

Leu Glu Glu
240

Leu Pro Gly
255

Tyr Pro Phe
270

Pro Lys Lys

Ser Lys Ala

Ser Leu Ala
320

Leu Lys Leu
335

Asn Pro Ser
350

attcacgcac gtgtccaacyg

gaggtggtgg tggaggaggg

taacggatgg ctcgattatt

ttgecggegge ggcggceaacyg

atcttaatga ttcgeegtta

ggtatttate tgatgatcct

agagaggtgt tccttggact

tcgggaaagg agattggege

aagtggctag tcatgctcaa

gacggtctag cctettegac

aggaagagca gaccttaaac

ttcecttcact tgagetctca

cgccacgaca ggaaaaatct

tagtcccggyg tggettettt

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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cctecttgtt

catgccttaa

tttgctaaag

atggcgacaa

tcaaggccat

aacagcgcga

ttccagtgac

acgctgagac

aacgtgtgaa

gacacgaaac

cagcgttteca

ttcaggctat

<210> SEQ ID NO 46
<211> LENGTH: 387
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 46

ttacacgatt

ttettcteag

catggacgag

cgaaacttece

ctcgaatgge

ctaa

Arabidopsis thal

Met Thr Arg Arg Cys Ser His Cys

1

Thr

Gly

Leu

Ser

65

Asp

Glu

Arg

Arg

145

Gly

Ser

Lys

Asp

Ser

225

Leu

Gln

Met

Thr

Ala

Cys

Gly

Phe

50

Met

His

Ser

Gly

Arg

130

Leu

Ile

His

Arg

Ser

210

Lys

Asn

Glu

Leu

Ile
290

Glu

Pro

Gly

35

Gly

Gly

Arg

Pro

Tyr

115

Gly

Phe

Ser

Ala

Arg

195

Ser

Glu

Asn

Lys

Val
275

Trp

Thr

Thr Arg Gly Gly Gly

20

Gly Gly Gly Gly Gly

40

Val Arg Leu Thr Asp

55

Asn Leu Ser Ala Leu

70

Leu Ser Pro Ser Ser

Leu Ser Asp His Ala

100

Leu Ser Asp Asp Pro

120

Glu Arg Lys Arg Gly

135

Leu Val Gly Leu Gln
150

Arg Asn Tyr Val Thr

165

Gln Lys Tyr Phe Ile

180

Ser Ser Leu Phe Asp

200

Pro Thr Gln Glu Glu

215

Pro Glu Lys Lys Ser
230

Thr Thr Glu Ala Glu

245

Ser Gln Glu Ala Ile

260

Pro Gly Gly Phe Phe

280

Leu Pro Ala Ser Leu

295

Ser Ser Gln Gln His

tggcteectyg
cagcatcagg
ttggtcggta
cctteccege

tcggttaatg

iana

Ser Asn Asn
10

Thr Cys Gly
25

Ser Gly Ser

Gly Ser Ile

Ala Val Ala
75

Pro Leu Ala
90

Arg Tyr Ser
105

Ala His Gly

Val Pro Trp

Lys Leu Gly
155

Ser Arg Thr
170

Arg His Thr
185

Met Val Thr

Gln Thr Leu

Tyr Leu Pro
235

Glu Val Val
250

Glu Pro Ser
265
Pro Pro Cys

His Gly Thr

Gln Val Leu

cgtcacttca

tcctaaaacce

tgtctcaget

tatctttgag

gtgcagattt

Gly

Gly

Ser

Ile

60

Ala

Thr

Asn

Ser

Thr

140

Lys

Pro

Ser

Asp

Asn

220

Ser

Ala

Asn

Phe

Glu
300

Lys

His

Ser

Ser

45

Lys

Ala

Ser

Leu

Gly

125

Glu

Gly

Thr

Ser

Glu

205

Gly

Leu

Thr

Gly

Pro
285

His

Pro

Asn

Gly

Ala

Lys

Ala

Asn

His

110

Ser

Glu

Asp

Gln

Ser

190

Met

Ser

Glu

Ala

Val
270
Val

Ala

Lys

cggaacagaa
aaaacctgga
tagcatagga
actagagccc

gagtaaaggc

Ser Arg
15

Gly Gly

Val Lys

Ser Ala

Ala Thr

80

Leu Asn
95

His Asn

Ser His

Glu His

Trp Arg

160

Val Ala

175

Arg Arg

Val Thr

Ser Pro

Leu Ser
240

Pro Arg

255

Ser Pro

Thr Tyr

Leu Asn

Pro Gly

900

960

1020

1080

1140

1164
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-continued
305 310 315 320
Phe Ala Lys Glu Arg Val Asn Met Asp Glu Leu Val Gly Met Ser Gln
325 330 335
Leu Ser Ile Gly Met Ala Thr Arg His Glu Thr Glu Thr Ser Pro Ser
340 345 350
Pro Leu Ser Leu Arg Leu Glu Pro Ser Arg Pro Ser Ala Phe His Ser
355 360 365
Asn Gly Ser Val Asn Gly Ala Asp Leu Ser Lys Gly Asn Ser Ala Ile
370 375 380
Gln Ala Ile
385
<210> SEQ ID NO 47
<211> LENGTH: 948
<212> TYPE: DNA
<213> ORGANISM: Zea May
<400> SEQUENCE: 47
atgacgcgge ggtgctegca ctgcagecac aacgggcaca actcgceggac gtgcecccaac 60
cgeggggtea agatcttegg ggtgcaccte accgatgget cggecatcceyg caagagegeg 120
agcatgggga acctctecect cctctecgeg ggatccacca geggeggege gtcccccgee 180
gacgggceceeyg acctegcecga cggeggeggg ggctacgect cegacgactt cgtecagggyg 240
tegtecteeg ccagecgega tcgaaagaaa ggtgttectt ggactgaaga agaacaccgg 300
aggtttttge tgggattaca aaagctcggg aaaggggatt ggcgaggaat ttctegtaat 360
tttgtggtct caagaacacc tactcaagta gcaagtcatyg ctcaaaagta ttttatacge 420
caatcaaata tgagcagaag gaagagaagg tctagccttt tcegacatggt tcctgatgag 480
tccatggace ttcegeccct tectggaagt caagaaccag agacctcaat gttaaatcaa 540
cegecactge ctectgetgt ggaggaggag gtggaatcga tggagtcaga tacttctget 600
gtegcagaga gttctggage ttctgetete atgcccgaga gtttacagec tacctatcecg 660
atgattgttc cagcttattt ctcgccegtte ttgcaattcect cagttceccttt ctggccaaat 720
caggaagatg gaggcgatct tccccaagaa acacacgaga ttgtcaagece tgttgcagtt 780
cattcccaga atccaattaa tgttgatgaa ctecgtgggea tgtcaaaget aagcatatgg 840
gagcatggte aggagacagt gtctacttct ctgtcgetaa atctgctagg gggtcaaaat 900
aggcagtcgg cttteccatge aaaccctcaa acaagagctce aagectga 948
<210> SEQ ID NO 48
<211> LENGTH: 315
<212> TYPE: PRT
<213> ORGANISM: Zea May
<400> SEQUENCE: 48
Met Thr Arg Arg Cys Ser His Cys Ser His Asn Gly His Asn Ser Arg
1 5 10 15
Thr Cys Pro Asn Arg Gly Val Lys Ile Phe Gly Val His Leu Thr Asp
20 25 30
Gly Ser Ala Ile Arg Lys Ser Ala Ser Met Gly Asn Leu Ser Leu Leu
35 40 45
Ser Ala Gly Ser Thr Ser Gly Gly Ala Ser Pro Ala Asp Gly Pro Asp
50 55 60
Leu Ala Asp Gly Gly Gly Gly Tyr Ala Ser Asp Asp Phe Val Gln Gly
65 70 75 80
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Ser

Glu

Asp

Gln

Ser

145

Ser

Met

Ser

Ala

Ala

225

Gln

Pro

Gly

Thr

Phe
305

Ser

Glu

Trp

Val

130

Arg

Met

Leu

Met

Leu

210

Tyr

Glu

Val

Met

Ser

290

His

Ser

His

Arg

115

Ala

Arg

Asp

Asn

Glu

195

Met

Phe

Asp

Ala

Ser

275

Leu

Ala

Ala Ser Arg Asp Arg

Arg Arg Phe Leu Leu

100

Gly Ile Ser Arg Asn

120

Ser His Ala Gln Lys

135

Lys Arg Arg Ser Ser
150

Leu Pro Pro Leu Pro

165

Gln Pro Pro Leu Pro

180

Ser Asp Thr Ser Ala

200

Pro Glu Ser Leu Gln

215

Ser Pro Phe Leu Gln
230

Gly Gly Asp Leu Pro

245

Val His Ser Gln Asn

260

Lys Leu Ser Ile Trp

280

Ser Leu Asn Leu Leu

295

Asn Pro Gln Thr Arg
310

<210> SEQ ID NO 49
<211> LENGTH: 876
<212> TYPE: DNA

<213> ORGANISM: Zea

<400> SEQUENCE: 49

atggctegge catccgcaag

caaccagegg

acgccteega

ttcecttggac

aaaggtgatt

aaagtagcaa

ggaagagaag

cttectggaa

gtggaggagg

tctgcagett

gettatttet

ggtgatctge

ccaattaatg

ngCgCgth

cgacttegte

tgaagaagaa

dgcgagggga

agtcatgetce

gtctagecett

gtcaagagcce

aggaggaggt

cagctettat

caccgttett

ctcaagaaac

ttgatgaact

May

agcgcaagca

ccegecgacy

caggggtcgt

caccggaggt

ttttctegta

aaaaaatatt

ttttgacatg

agagacctca

ggaatcgatg

gecegagagt

gcaattctca

gcacgagatt

tgtgagcatg

Lys Lys Gly
90

Gly Leu Gln
105

Phe Val Val

Tyr Phe Ile

Leu Phe Asp
155

Gly Ser Gln
170

Pro Ala Val
185

Val Ala Glu

Pro Thr Tyr

Phe Ser Val
235

Gln Glu Thr
250

Pro Ile Asn
265

Glu His Gly

Gly Gly Gln

Ala Gln Ala
315

tggggaacct

ggcecgaccet
cctecgecag
tttttgetyg
attttegtgg
tttatacgte
gtgcctgatyg
gtgttaaatc
gagtcagata
ttacagccta
gttectttet
gtcaagccty

tcaaagctaa

Val

Lys

Ser

Arg

140

Met

Glu

Glu

Ser

Pro

220

Pro

His

Val

Gln

Asn
300

Pro

Leu

Arg

125

Gln

Val

Pro

Glu

Ser

205

Met

Phe

Glu

Asp

Glu

285

Arg

Trp

Gly

110

Thr

Ser

Pro

Glu

Glu

190

Gly

Ile

Trp

Ile

Glu

270

Thr

Gln

ctcectecte

cgcegacgge

cegegagegt

ggattacaaa

tctcaaagaa

aaatcaaata

agtccatgga

aaccaccact

cttetgetgt

cctatccgat

ggccaaatca

ttgcagttca

gcatagggga

Thr Glu
95

Lys Gly

Pro Thr

Asn Met

Asp Glu
160

Thr Ser
175

Val Glu

Ala Ser

Val Pro

Pro Asn
240

Val Lys
255

Leu Val

Val Ser

Ser Ala

teegeggggt
ggcggggget
aagaaaggtyg
aagcttgggy

caccctacte
tgagcagaag
ccttecacce
gecteccect
tgcggagagt
gattgttcca
ggaagatgga
ttccaagaat

gectggtceag

60

120

180

240

300

360

420

480

540

600

660

720

780
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gaaacggtgt ctacttctct gtcgttaaat ctgctggtgg gtcaaaatag gcagtcggec 840
ttccatgcaa atcctcaaac gagggctcaa gcttga 876
<210> SEQ ID NO 50

<211> LENGTH: 291

<212> TYPE: PRT

<213> ORGANISM: Zea May

<400> SEQUENCE: 50

Met Ala Arg Pro Ser Ala Arg Ala Gln Ala Trp Gly Thr Ser Pro Ser
1 5 10 15

Ser Pro Arg Gly Gln Pro Ala Ala Ala Arg Arg Pro Pro Thr Gly Pro
20 25 30

Thr Ser Pro Thr Ala Ala Gly Ala Thr Pro Pro Thr Thr Ser Ser Arg
35 40 45

Gly Arg Pro Pro Pro Ala Ala Ser Val Arg Lys Val Phe Leu Gly Leu
50 55 60

Lys Lys Asn Thr Gly Gly Phe Leu Leu Gly Ile Thr Lys Ser Leu Gly
65 70 75 80

Lys Gly Asp Trp Arg Gly Asp Phe Leu Val Ile Phe Val Val Ser Lys
85 90 95

Asn Thr Leu Leu Lys Val Ala Lys Ser Cys Ser Lys Asn Ile Phe Ile
100 105 110

Arg Gln Ile Lys Tyr Glu Gln Lys Gly Arg Glu Gly Leu Ala Phe Phe
115 120 125

Asp Met Val Pro Asp Glu Ser Met Asp Leu Pro Pro Leu Pro Gly Ser
130 135 140

Gln Glu Pro Glu Thr Ser Val Leu Asn Gln Pro Pro Leu Pro Pro Pro
145 150 155 160

Val Glu Glu Glu Glu Glu Val Glu Ser Met Glu Ser Asp Thr Ser Ala
165 170 175

Val Ala Glu Ser Ser Ala Ala Ser Ala Leu Met Pro Glu Ser Leu Gln
180 185 190

Pro Thr Tyr Pro Met Ile Val Pro Ala Tyr Phe Ser Pro Phe Leu Gln
195 200 205

Phe Ser Val Pro Phe Trp Pro Asn Gln Glu Asp Gly Gly Asp Leu Pro
210 215 220

Gln Glu Thr His Glu Ile Val Lys Pro Val Ala Val His Ser Lys Asn
225 230 235 240

Pro Ile Asn Val Asp Glu Leu Val Ser Met Ser Lys Leu Ser Ile Gly
245 250 255

Glu Pro Gly Gln Glu Thr Val Ser Thr Ser Leu Ser Leu Asn Leu Leu
260 265 270

Val Gly Gln Asn Arg Gln Ser Ala Phe His Ala Asn Pro Gln Thr Arg
275 280 285

Ala Gln Ala
290

<210> SEQ ID NO 51

<211> LENGTH: 951

<212> TYPE: DNA

<213> ORGANISM: Sorghum bicolor

<400> SEQUENCE: 51

atgacgcgge ggtgctegea ctgcagecac aacgggcaca actegeggac gtgccccaac 60
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cgcggggtca

agcatgggga

gacgggcccg

ggctectect

cggaggtttt

aatttcgtgg

cgtcaatcaa

gagtccatgg

caagcaccac

getgttgeag

ccgatgattyg

aatcaggaag

gttcattcca

ggggagcctg

aataggcagt

agatcttegg

acctctceect

acctegecga

cecgecagecyg

tgctgggatt

tctcaagaac

atatgagcag

accttccacce

tgcecgectee

agagttctac

ttccagetta

atggaggcga

agaatccaat

gtcaggagac

cggettteca

<210> SEQ ID NO 52
<211> LENGTH: 316
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 52

ggtgcgecte
cctetecgeyg
cggeggegec
cgagcgcaag
acaaaagctt
acctactcaa
aaggaagaga
ccttectgga
tgtggaggag
ggcttetget
tttectecacey
tctgccccaa
taatgttgat
agtttctact

tgcaaatcct

Sorghum bicolor

Met Thr Arg Arg Cys Ser His Cys

1

Thr

Gly

Ser

Leu

65

Gly

Glu

Gly

Thr

Met

145

Glu

Ser

Glu

Ser

Cys

Ser

Ala

Ala

Ser

Glu

Asp

Gln

130

Ser

Ser

Val

Ser

Ala

Pro

Ala

35

Gly

Asp

Ser

Glu

Trp

115

Val

Arg

Met

Leu

Met
195

Leu

Asn Arg Gly Val Lys

20

Ile Arg Lys Ser Ala

40

Ser Thr Ser Gly Gly

Gly Gly Ala Gly Gly

70

Ser Ala Ser Arg Glu

85

His Arg Arg Phe Leu

100

Arg Gly Ile Ser Arg

120

Ala Ser His Ala Gln

135

Arg Lys Arg Arg Ser
150

Asp Leu Pro Pro Leu

165

Asn Gln Ala Pro Leu

180

Glu Ser Asp Thr Ser

200

Met Pro Glu Ser Leu

accgatgget
ggatccacca
gggggatacg
aaaggtgttc
gggaaaggtg
gtagcaagtc
aggtctagec
agtcaagaac
gaggtggaat
ctcatgeeeg
ttcttgcaat
gaaacacacg
gaacttgtgg
tctetgtege

caaacgagag

Ser His Asn
10

Ile Phe Gly
25

Ser Met Gly

Ala Ser Pro

Tyr Ala Ser
75

Arg Lys Lys
90

Leu Gly Leu
105

Asn Phe Val

Lys Tyr Phe

Ser Leu Phe
155

Pro Gly Ser
170

Pro Pro Pro
185

Ala Val Ala

Gln Pro Asn

cecgecatecyg caagagcgec
geggeggege gteccceegece
cctecgacga cttegtecag
cttggactga agaagaacac
attggcgagg aatttctegt
atgctcaaaa atattttata
tttttgacat ggtgcctgat
cagagacctc agtgttaaat
caatggagtc agatacttct
agagtttaca acctaattat
tctcagttee tttetggeca
agattgtcaa gcctgtggea
gcatgtcaaa gctaagcata
taaatctgct agggggtcaa

ctcaagectyg a

Gly His Asn Ser Arg
15

Val Arg Leu Thr Asp
30

Asn Leu Ser Leu Leu
45

Ala Asp Gly Pro Asp
60

Asp Asp Phe Val Gln
80

Gly Val Pro Trp Thr
95

Gln Lys Leu Gly Lys
110

Val Ser Arg Thr Pro
125

Ile Arg Gln Ser Asn
140

Asp Met Val Pro Asp
160

Gln Glu Pro Glu Thr
175

Val Glu Glu Glu Val
190

Glu Ser Ser Thr Ala
205

Tyr Pro Met Ile Val

120

180

240

300

360

420

480

540

600

660

720

780

840

900

951
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210 215 220
Pro Ala Tyr Phe Ser Pro Phe Leu Gln Phe Ser Val Pro Phe Trp Pro
225 230 235 240
Asn Gln Glu Asp Gly Gly Asp Leu Pro Gln Glu Thr His Glu Ile Val

245 250 255
Lys Pro Val Ala Val His Ser Lys Asn Pro Ile Asn Val Asp Glu Leu
260 265 270
Val Gly Met Ser Lys Leu Ser Ile Gly Glu Pro Gly Gln Glu Thr Val
275 280 285

Ser Thr Ser Leu Ser Leu Asn Leu Leu Gly Gly Gln Asn Arg Gln Ser

290 295 300
Ala Phe His Ala Asn Pro Gln Thr Arg Ala Gln Ala
305 310 315
<210> SEQ ID NO 53
<211> LENGTH: 1086
<212> TYPE: DNA
<213> ORGANISM: Sorghum bicolor
<400> SEQUENCE: 53
atgacgcgga ggtgctecgca ctgcagcaac aacggccaca actcgcgcac ctgecccgece 60
cgcetecggeg goggggtgag getatttgge gtgegectea caacggegee ggctecggeg 120
gcgatgaaga agagcgccag catgagcetge atcgegtect cgeteggggyg cgggtcecggyg 180
ggctegtege cgeecggeggg aggagtgggt ggtggcaggg gaggaggaga cggeggggec 240
ggctacgtet ccgatgatce cgggcacgcec tectgetega cgaatggecyg cgtegagegyg 300
aagaaaggta caccttggac tgaagaagag catagaatgt ttctgatggyg tcttcagaag 360
cttggtaagg gagattggcg cgggatatct cgaaactttyg ttgtttccag gaccccgact 420
caagtggcaa gccatgctca aaagtacttt attagacaga caaactcatc aagacggaag 480
aggcggtcaa gettgtttga catggttgca gaaatgccag tagacgagtce cctagetget 540
gcggaacaaa ttactatcca aaatactcaa gatgaagctg caagttcaaa tcaactgecg 600
accttacatc ttgggcatca gaaggaagca gagtttgcta agcaaatgcc aacttttcag 660
ctaaggcagce atgaggaatc tgaatatgca gaaccttcat tgacattacc agatttagag 720
atgaactcca gtgtaccatt caataccata getgttccga cgatgccage attctaccct 780
gegttggtece ctgttccact aactctttgg cctccaagtyg ttgcccatgt ggaggacgea 840
ggcacaacce atgaaatcct aaaaccaact cctttgaatg gtaaggaggt gattaaagea 900
gatgatgttyg ttggtatgtc taagctcage attggtgagg ccagctctgg ctecatggaa 960
cccacagcte tttcecectteca gettattgga tcgacagata caaggcagtce agcettttcat 1020
gtgagtccac caatgaatag acctgaacta agcaagagaa acagcagtcc aattcatgcece 1080
gtttga 1086

<210> SEQ ID NO 54
<211> LENGTH: 361
<212> TYPE:
<213> ORGANISM: Sorghum bicolor

PRT

<400> SEQUENCE: 54

Met Thr Arg Arg Cys Ser His Cys Ser Asn Asn Gly His Asn Ser Arg

1

5

10

15

Thr Cys Pro Ala Arg Ser Gly Gly Gly Val Arg Leu Phe Gly Val Arg

20

25

30
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-continued

76

Leu

Ser

Pro

65

Gly

Arg

Met

Ile

His

145

Arg

Ser

Ala

Glu

Glu

225

Met

Ala

Ser

Pro

Gly

305

Pro

Ser

Arg

<210>
<211>
<212>
<213>

<400>

Thr

Cys

50

Ala

Tyr

Val

Phe

Ser

130

Ala

Arg

Leu

Ala

Ala

210

Glu

Asn

Phe

Val

Thr

290

Met

Thr

Ala

Asn

Thr

35

Ile

Gly

Val

Glu

Leu

115

Arg

Gln

Ser

Ala

Ser

195

Glu

Ser

Ser

Tyr

Ala

275

Pro

Ser

Ala

Phe

Ser
355

atgacgegge

cgcggggtga

atgggcaatc

aaccceggtt

Ala Pro

Ala Ser

Gly Val

Ser Asp
85

Arg Lys
100

Met Gly

Asn Phe

Lys Tyr

Ser Leu

165

Ala Ala
180

Ser Asn

Phe Ala

Glu Tyr

Ser Val
245

Pro Ala
260

His Val

Leu Asn

Lys Leu

Leu Ser
325

His Val
340

Ser Pro

SEQ ID NO 55
LENGTH: 1002
TYPE: DNA

ORGANISM: Glycine
SEQUENCE: 55
gttgctcgea
agctcttegyg

taacccacta

cgcccgggga

Ala

Ser

Gly

70

Asp

Lys

Leu

Val

Phe

150

Phe

Glu

Gln

Lys

Ala

230

Pro

Leu

Glu

Gly

Ser

310

Leu

Ser

Ile

Pro

Leu

55

Gly

Pro

Gly

Gln

Val

135

Ile

Asp

Gln

Leu

Gln

215

Glu

Phe

Val

Asp

Lys

295

Ile

Gln

Pro

His

max

Ala

Gly

Gly

Gly

Thr

Lys

120

Ser

Arg

Met

Ile

Pro

200

Met

Pro

Asn

Pro

Ala

280

Glu

Gly

Leu

Pro

Ala
360

ttgcagccac

ggtccgatta

tgceggttec

aacccecgat

Ala

Gly

Arg

His

Pro

105

Leu

Arg

Gln

Val

Thr

185

Thr

Pro

Ser

Thr

Val

265

Gly

Val

Glu

Ile

Met

345

Val

Met

Gly

Gly

Ala

90

Trp

Gly

Thr

Thr

Ala

170

Ile

Leu

Thr

Leu

Ile

250

Pro

Thr

Ile

Ala

Gly

330

Asn

Lys

Ser

Gly

75

Ser

Thr

Lys

Pro

Asn

155

Glu

Gln

His

Phe

Thr

235

Ala

Leu

Thr

Lys

Ser

315

Ser

Arg

aatgggcaca

accgatgggt

gggtcgggte

catgcegeeyg

Lys

Gly

60

Gly

Cys

Glu

Gly

Thr

140

Ser

Met

Asn

Leu

Gln

220

Leu

Val

Thr

His

Ala

300

Ser

Thr

Pro

actcaagaac ttgccctaac

cgatceggaa gagtgctage

cactccatac cgggttgaat

cagtcgcega cggttacttyg

Ser

Gly

Asp

Ser

Glu

Asp

125

Gln

Ser

Pro

Thr

Gly

205

Leu

Pro

Pro

Leu

Glu

285

Asp

Gly

Asp

Glu

Ala

Ser

Gly

Thr

Glu

110

Trp

Val

Arg

Val

Gln

190

His

Arg

Asp

Thr

Trp

270

Ile

Asp

Ser

Thr

Leu
350

Ser

Ser

Gly

Asn

95

His

Arg

Ala

Arg

Asp

175

Asp

Gln

Gln

Leu

Met

255

Pro

Leu

Val

Met

Arg

335

Ser

Met

Pro

Ala

80

Gly

Arg

Gly

Ser

Lys

160

Glu

Glu

Lys

His

Glu

240

Pro

Pro

Lys

Val

Glu

320

Gln

Lys

60

120

180

240
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-continued

78

tcegaggact

tggactgagg

tggcgtggaa

gctcagaaat

tttgatattg

gctaatcagt

gacgaagagt

aagccagaaa

ttecegttte

acacatgaag

ctggttggea

ctgtctegaa

acatgtggca

tcegttecegy

aggaacatag

ttgcaaggac

atttcatcag

ttgcagatga

tacccactga

gcgaatccat

acacacagtc

ctctgececta

tactgaagcc

tttcaaaatt

aacttatcga

gttcaaatgg

<210> SEQ ID NO 56
<211> LENGTH: 333
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 56

gtettettet

aatgttttta

ctatgttata

gcagagcaat

agcagctgac

aacagaaggc

ggattccaca

atcttatcca

ttggtcagga

aactgcagtt

gagtttaggg

agaaggaccc

cagtgcecatce

Glycine max

Met Thr Arg Arg Cys Ser His Cys

1

Thr

Gly

Gly

Pro

65

Ser

Lys

Leu

Val

Phe

145

Phe

Asp

Pro

Ser

Thr
225

Cys

Ser

Ser

50

Gly

Glu

Gly

Gln

Ile

130

Ile

Asp

Phe

Leu

Thr
210

Gln

Pro

Ile

35

Gly

Glu

Asp

Val

Lys

115

Ser

Arg

Ile

Leu

Pro
195

Asn

Ser

Asn Arg Gly Val Lys

20

Arg Lys Ser Ala Ser

40

Ser Gly Pro Leu His

55

Thr Pro Asp His Ala

Phe Val Pro Gly Ser

85

Pro Trp Thr Glu Glu

100

Leu Gly Lys Gly Asp

120

Arg Thr Pro Thr Gln

135

Gln Ser Asn Val Ser
150

Val Ala Asp Glu Ala

165

Ser Ala Asn Gln Leu

180

Ala Pro Pro Pro Leu

200

Ser Asn Asp Gly Glu

215

Ser Tyr Pro Met Leu
230

agctcecegtyg
ctcggattge
tcaaggacac
gtgtccagge
actgcaatgg
aataacccect
aactcaaatg
atgttatatc
tacagtccag
cattctaaaa
gagtctattyg
tctagacagt

catgcagttt

Ser His Asn

Leu Phe Gly
25

Met Gly Asn

Thr Gly Leu

Ala Ala Val
75

Ser Ser Ser
90

Glu His Arg
105

Trp Arg Gly

Val Ala Ser

Arg Arg Lys
155

Ala Asp Thr
170

Pro Thr Glu
185

Asp Glu Glu

Pro Ala Pro

Tyr Pro Ala
235

aaagaaagaa

agaagctggg

ctactcaagt

ggaaaagacg

tacagcaaga

tgccagetee

atggagagcc

ctgcatatta

agtccaccaa

gccctatcaa

gtgactctgg

cagcttttca

aa

Gly

Val

Leu

Asn

60

Ala

Ser

Met

Ile

His

140

Arg

Ala

Thr

Cys

Ser
220

Tyr

His

Arg

Thr

45

Asn

Asp

Arg

Phe

Ala

125

Ala

Arg

Met

Glu

Glu
205

Lys

Tyr

Asn

Leu

30

His

Pro

Gly

Glu

Leu

110

Arg

Gln

Ser

Val

Gly
190
Ser

Pro

Ser

gggtgttcca
caaaggtgat
ggctagccat
gtccagettyg
cttettgtet
tcctececte
tgccccatca
ttcteceggty
gaaggaggag
tgttgatgaa
tcecctectet

tgcaacaccy

Ser Arg
15

Thr Asp

Tyr Ala

Gly Ser

Tyr Leu

80

Arg Lys
95

Leu Gly

Thr Tyr

Lys Tyr

Ser Leu

160

Gln Gln

175

Asn Asn

Met Asp

Glu Asn

Pro Val
240

300

360

420

480

540

600

660

720

780

840

900

960

1002
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80

-continued
Phe Pro Phe Pro Leu Pro Tyr Trp Ser Gly Tyr Ser Pro Glu Ser Thr
245 250 255
Lys Lys Glu Glu Thr His Glu Val Leu Lys Pro Thr Ala Val His Ser
260 265 270
Lys Ser Pro Ile Asn Val Asp Glu Leu Val Gly Ile Ser Lys Leu Ser
275 280 285
Leu Gly Glu Ser Ile Gly Asp Ser Gly Pro Ser Ser Leu Ser Arg Lys
290 295 300
Leu Ile Glu Glu Gly Pro Ser Arg Gln Ser Ala Phe His Ala Thr Pro
305 310 315 320
Thr Cys Gly Ser Ser Asn Gly Ser Ala Ile His Ala Val
325 330
<210> SEQ ID NO 57
<211> LENGTH: 1002
<212> TYPE: DNA
<213> ORGANISM: Glycine max
<400> SEQUENCE: 57
atgacgcgge gttgctecgca ttgcagecac aatgggcaca actccagaac ctgccctaac 60
cgeggggtta agetettegg ggtccgatta accgacgggt cgatccggaa gagcegecage 120
atgggcaacc taacccacta cgctggttee gggteggece cgcetecatgt cgggttgaat 180
aaccecgggtt caccegggga gacgcccgat cacgecgecg cegecgcecga cggctacgece 240
tcecgaggact tcegtteccgg gtettettet agetccegtyg aaagaaagaa gggtgttcca 300
tggactgagg aggaacatag aatgtttttg ctecggattge agaagctggyg caaaggtgat 360
tggcgtggaa ttgcaaggaa ctatgttata tcaaggacge ctactcaagt ggccagccat 420
gctcagaaat atttcatcag gcaaagcaat gtgtccaggce gaaaaagacg gtccagettg 480
tttgatattg ttgcagatga agcagctgac actgcaatgg tacagcaaga cttcttgtct 540
gctaatgagt taccaactga aacagaaggc aataacccct tgectgetece tectecccte 600
gatgaagagt gtgaatcaat ggattccaca aactcaaatg atggagagcc tgccccatca 660
aagccagaaa acacacatcc atcttatcct atgttatate ctgegtatta ttctecagtg 720
tteccegttte ctetgeccta ttggtcagga tacagtccag agceccaccaa gaaggaggaa 780
acacatgaag tgctgaaacc aactgcagta cattctaaaa gccctatcaa tgttgatgaa 840
ctggttggca tatcaaaact gagtttaggg gagtctattyg gtgactcggyg tccctcecace 900
ctgtctcegaa aacttattga agaaggaccce tctagacaat cagcettttca tgcaacacca 960
acatgtggtg atatgaatgg cagtgccatc catgcagttt aa 1002
<210> SEQ ID NO 58
<211> LENGTH: 333
<212> TYPE: PRT
<213> ORGANISM: Glycine max
<400> SEQUENCE: 58
Met Thr Arg Arg Cys Ser His Cys Ser His Asn Gly His Asn Ser Arg
1 5 10 15
Thr Cys Pro Asn Arg Gly Val Lys Leu Phe Gly Val Arg Leu Thr Asp
20 25 30
Gly Ser Ile Arg Lys Ser Ala Ser Met Gly Asn Leu Thr His Tyr Ala
35 40 45
Gly Ser Gly Ser Ala Pro Leu His Val Gly Leu Asn Asn Pro Gly Ser



81

US 8,859,851 B2

-continued

82

Pro

65

Ser

Lys

Leu

Val

Phe

145

Phe

Asp

Pro

Ser

Thr

225

Phe

Lys

Lys

Leu

Leu

305

Thr

50

Gly

Glu

Gly

Gln

Ile

130

Ile

Asp

Phe

Leu

Thr

210

His

Pro

Lys

Ser

Gly

290

Ile

Cys

Glu

Asp

Val

Lys

115

Ser

Arg

Ile

Leu

Pro

195

Asn

Pro

Phe

Glu

Pro

275

Glu

Glu

Gly

55

Thr Pro Asp His Ala

70

Phe Val Pro Gly Ser

85

Pro Trp Thr Glu Glu

100

Leu Gly Lys Gly Asp

120

Arg Thr Pro Thr Gln

135

Gln Ser Asn Val Ser
150

Val Ala Asp Glu Ala

165

Ser Ala Asn Glu Leu

180

Ala Pro Pro Pro Leu

200

Ser Asn Asp Gly Glu

215

Ser Tyr Pro Met Leu
230

Pro Leu Pro Tyr Trp

245

Glu Thr His Glu Val

260

Ile Asn Val Asp Glu

280

Ser Ile Gly Asp Ser

295

Glu Gly Pro Ser Arg
310

Asp Met Asn Gly Ser

325

<210> SEQ ID NO 59
<211> LENGTH: 1008
<212> TYPE: DNA
<213> ORGANISM: Vitis

<400> SEQUENCE: 59

atgactcgee getgetegea

cgcggggtca

atgggcaatc

ggtaacaatt

gectecgagyg

tggactgaag

tggcgtggaa

gctcagaaat

tttgatattg

agatcttegg

tcagccacta

cggtetetee

gtttegttec

aggaacacag

tttcacgtaa

atttcatcag

tagctgatga

vinifera

ttgcagtcac

ggttcgatty

CgCnggth

cggagagact

cggttcatca

aatgtttcta

ttatgttata

gcaaactaat

atctgtegac

Ala Ala Ala
75

Ser Ser Ser
90

Glu His Arg
105

Trp Arg Gly

Val Ala Ser

Arg Arg Lys

155

Ala Asp Thr
170

Pro Thr Glu
185

Asp Glu Glu

Pro Ala Pro

Tyr Pro Ala
235

Ser Gly Tyr
250

Leu Lys Pro
265

Leu Val Gly

Gly Pro Ser

Gln Ser Ala
315

Ala Ile His
330

aacgggcaca
actgatgggt
acctectggte
ccagagcacyg
tccagecggy
cttggactge
tcaaggacac
gtgtctagga

actccaatgg

60

Ala

Ser

Met

Ile

His

140

Arg

Ala

Thr

Cys

Ser

220

Tyr

Ser

Thr

Ile

Thr

300

Phe

Ala

Asp

Arg

Phe

Ala

125

Ala

Arg

Met

Glu

Glu

205

Lys

Tyr

Pro

Ala

Ser

285

Leu

His

Val

Gly

Glu

Leu

110

Arg

Gln

Ser

Val

Gly

190

Ser

Pro

Ser

Glu

Val

270

Lys

Ser

Ala

attccaggac

tgatccgtaa

atcatcagaa

gcgecgegge

agcgcaagaa

agaagcttgg

ctactcaagt

gaaaaagacg

tatcacggga

Tyr Ala
80

Arg Lys
95

Leu Gly

Asn Tyr

Lys Tyr

Ser Leu

160

Gln Gln
175

Asn Asn

Met Asp

Glu Asn

Pro Val
240

Pro Thr
255

His Ser

Leu Ser

Arg Lys

Thr Pro
320

atgccccaac
gagtgctagt
cggegtttee
cgatggatac
aggcactcca
aaaaggggat
cgccagecat
gtccagettyg

tttcttctece

60

120

180

240

300

360

420

480

540
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84

-continued
accaaccctt cgcaagctga aacactaage aataacccat tgectgttece tccggetcetg 600
gatgaagaat gtgaatcaat ggattctacc aactcgaatg atggagaacc gcccattcca 660
aagccggatg gcttacaagg ctgtccccca gtaatatate ctacttattt ctcaccatte 720
ttcccatttt cttttecatt ctggeccggga aacagttcag agccaactaa aatggagact 780
catgaggtgc ttaagccaac agctgtacat tctaagagte caatcaatgt tgatgagcetg 840
gttggcatgt caaaactgag tttaggagaa tccatcggtce atgctggtec ctectctete 900
acactgaaac tgcttgaagg gtcaagcagg caatctgett tccatgctaa tccagectcet 960
ggcagttcaa gcatgaactc gagcggcagt ccaatccatg cagtttga 1008
<210> SEQ ID NO 60
<211> LENGTH: 335
<212> TYPE: PRT
<213> ORGANISM: Vitis vinifera
<400> SEQUENCE: 60

Met Thr Arg Arg Cys Ser His Cys

1

Thr

Gly

Gly

Val

65

Ala

Lys

Leu

Val

Phe

145

Phe

Asp

Pro

Ser

Leu

225

Phe

Lys

Ser

Gly

Cys

Leu

Ser

50

Ser

Ser

Gly

Gln

Ile

130

Ile

Asp

Phe

Leu

Thr

210

Gln

Pro

Met

Pro

Glu

Pro

Ile

35

Thr

Pro

Glu

Thr

Lys

115

Ser

Arg

Ile

Phe

Pro

195

Asn

Gly

Phe

Glu

Ile
275

Ser

Asn Arg Gly Val Lys

20

Arg Lys Ser Ala Ser

40

Ser Gly His His Gln

55

Gly Glu Thr Pro Glu

70

Gly Phe Val Pro Gly

85

Pro Trp Thr Glu Glu

100

Leu Gly Lys Gly Asp

120

Arg Thr Pro Thr Gln

135

Gln Thr Asn Val Ser
150

Val Ala Asp Glu Ser

165

Ser Thr Asn Pro Ser

180

Val Pro Pro Ala Leu

200

Ser Asn Asp Gly Glu

215

Cys Pro Pro Val Ile
230

Ser Phe Pro Phe Trp

245

Thr His Glu Val Leu

260

Asn Val Asp Glu Leu

280

Ile Gly His Ala Gly

Ser His Asn
Ile Phe Gly
25

Met Gly Asn

Asn Gly Val

His Gly Ala
75

Ser Ser Ser
90

Glu His Arg
105

Trp Arg Gly

Val Ala Ser

Arg Arg Lys

155

Val Asp Thr
170

Gln Ala Glu
185

Asp Glu Glu

Pro Pro Ile

Tyr Pro Thr
235

Pro Gly Asn
250

Lys Pro Thr
265

Val Gly Met

Pro Ser Ser

Gly His Asn Ser Arg
15

Val Arg Leu Thr Asp
30

Leu Ser His Tyr Ala
45

Ser Gly Asn Asn Ser
60

Ala Ala Asp Gly Tyr
80

Ser Arg Glu Arg Lys
95

Met Phe Leu Leu Gly
110

Ile Ser Arg Asn Tyr
125

His Ala Gln Lys Tyr
140

Arg Arg Ser Ser Leu
160

Pro Met Val Ser Arg
175

Thr Leu Ser Asn Asn
190

Cys Glu Ser Met Asp
205

Pro Lys Pro Asp Gly
220

Tyr Phe Ser Pro Phe
240

Ser Ser Glu Pro Thr
255

Ala Val His Ser Lys
270

Ser Lys Leu Ser Leu
285

Leu Thr Leu Lys Leu
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86

290

295

Leu Glu Gly Ser Ser Arg Gln Ser Ala Phe His

305

310

315

Gly Ser Ser Ser Met Asn Ser Ser Gly Ser Pro

325

<210> SEQ ID NO 61
<211> LENGTH: 1038
<212> TYPE: DNA
<213> ORGANISM: Vitis

<400> SEQUENCE: 61
atgactcgee getgetegea

cgeggggtcea agatcttegyg

atgggcaatc tcagccacta

ggtaacaatt cggtctctee

gecteegagyg gtttegttee

tggactgaag aggaacacag

tggcgtggaa tttcacgtaa

gctcagaaat atttcatcag

tttgatattyg tagctgatga

accaaccctt cgcaagctga

gatgaagaat gtgaatcaat

aagccggatyg gcttacaagg

ttcccatttt cttttecatt

catgaggtgce ttaagccaac

gttggcatgt caaaactgag

acactgaaac tgcttgaagg

ggcagttcaa gcatgaactce

ctggtatgga gattgtag

<210> SEQ ID NO 62
<211> LENGTH: 345
<212> TYPE: PRT
<213> ORGANISM: Vitis
<400> SEQUENCE: 62

Met Thr Arg Arg Cys
1 5
Thr Pro

Cys Asn Arg

20

Ile
35

Gly Leu Arg Lys

Gly Ser Thr Ser

50

Gly

Val Ser Pro Gly Glu

Ala Glu Phe

85

Ser Gly

Lys Gly Thr Pro Trp

Ser

Gly Val

Ser

His

Thr

65 70

Val

Thr

vinifera

ttgcagtcac
ggttcgatty
cgecegggteg
cggagagact
cggttcatca
aatgtttcta
ttatgttata
gcaaaccaat
atctgttgac
aacactaagc
ggattctace
ctgtcecceca
ctggecggga
agctgtacat
tttaggagaa
gtcaagcagg

gagcggcagt

vinifera

His Cys

Lys

Ala Ser

40
His Gln
55

Pro Glu

Pro

Gly

Glu Glu

330

aacgggcaca

actgatgggt

acctectggte

ccagagcacyg

tccagecggy

cttggactge

tcaaggacac

gtgtctagga

actccaatgg

aataacccat

aactcgaatg

gtaatatatc

aacagttcag

tctaagagtce

tccateggte

caatctgett

ccaatccatg

Ser

Ile

25

Met

Asn

His

Ser

Glu

His

10

Phe

Gly

Gly

Gly

Ser

90

His

Asn

Gly

Asn

Val

Ala

75

Ser

Arg

300

Ala Asn Pro Ala Ser
320

Ile His Ala Val
335

attccaggac atgccccaac

tgatccgtaa gagtgctagt
atcatcagaa cggcgtttee
gegecgegge cgatggatac
agcgcaagaa aggcactcca
agaagcttgg aaaaggggat
ctactcaagt cgccagccat
gaaaaagacg gtccagettg
tatcacggga tttcttetee
tgcctgttee tceggetety
atggagaacc acccattcca
ctacttattt ctecgecatte
agccaactaa aatggagact
caatcaatgt tgatgagctg
atgctggtee ctectetete
tccatgctaa tccagectet

cacccaatgg gaagattctg

Ser
15

Gly His Asn Arg

Val Leu Thr

30

Arg Asp

Ser His Ala

45

Leu Tyr

Ser Ser

60

Gly Asn Asn

Ala Ala Asp Gly Tyr

80
Ser

Arg Glu Arg

95

Lys

Met Phe Leu Leu Gly

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1038
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88

Leu

Val

Phe

145

Phe

Asp

Pro

Ser

Leu

225

Phe

Lys

Ser

Gly

Leu

305

Gly

Gly

Gln

Ile

130

Ile

Asp

Phe

Leu

Thr

210

Gln

Pro

Met

Pro

Glu

290

Glu

Ser

Lys

Lys

115

Ser

Arg

Ile

Phe

Pro

195

Asn

Gly

Phe

Glu

Ile

275

Ser

Gly

Ser

Ile

100

Leu Gly Lys Gly Asp

120

Arg Thr Pro Thr Gln

135

Gln Thr Asn Val Ser
150

Val Ala Asp Glu Ser

165

Ser Thr Asn Pro Ser

180

Val Pro Pro Ala Leu

200

Ser Asn Asp Gly Glu

215

Cys Pro Pro Val Ile
230

Ser Phe Pro Phe Trp

245

Thr His Glu Val Leu

260

Asn Val Asp Glu Leu

280

Ile Gly His Ala Gly

295

Ser Ser Arg Gln Ser
310

Ser Met Asn Ser Ser

325

Leu Leu Val Trp Arg

340

<210> SEQ ID NO 63
<211> LENGTH: 1011
<212> TYPE: DNA
<213> ORGANISM: Lotus

<400> SEQUENCE: 63

atgaccecgge gatgetegea

cgceggagtca

atgggtaatc

aaccctgatt

gaggattttyg

actgaggagg

cgtggaattyg

cagaaatatt

gatattgttg

aatcagctac

gaagagtgtg

ccecgacacte

agcttttegyg

tcacccacta

ctceceggtga

ttcectggete

aacacagaat

caaggaacta

tcatcaggca

cagatgatge

agactgaaac

aatccatgga

caataccgec

japonicus

ttgcagccat
tgtccgattyg
cactggetee
aacccctgat
ttcttetage
gtttttactt
tgttatttca
aagcaatgtg
gtcegacact
agaaggcaat
ttccacaaac

aacctacceg

105
Trp Arg Gly

Val Ala Ser

Arg Arg Lys

155

Val Asp Thr
170

Gln Ala Glu
185

Asp Glu Glu

Pro Pro Ile

Tyr Pro Thr
235

Pro Gly Asn
250

Lys Pro Thr
265

Val Gly Met

Pro Ser Ser

Ala Phe His
315

Gly Ser Pro
330

Leu
345

ggtggccaca

actgatgget
gggtctggac
cacgcegeag
tccegtgaaa
ggattgcaga
aggacaccta
tctaggagaa
ccaatggtag
aaccctttge
tcaatagatg

gtgttatatc

Ile

His

140

Arg

Pro

Thr

Cys

Pro

220

Tyr

Ser

Ala

Ser

Leu

300

Ala

Ile

Ser

125

Ala

Arg

Met

Leu

Glu

205

Lys

Phe

Ser

Val

Lys

285

Thr

Asn

His

110

Arg

Gln

Ser

Val

Ser

190

Ser

Pro

Ser

Glu

His

270

Leu

Leu

Pro

Ala

acgccaggac

cgatcecggaa

ctettettygyg

ctgctgacgyg

gaaaaaaggg

aactgggcaa

ctcaagtgge

agagacggtce

agcaagactt

ctgcetectee

gagactctge

ctgcatatta

Asn Tyr

Lys Tyr

Ser Leu

160

Ser Arg
175

Asn Asn

Met Asp

Asp Gly

Pro Phe

240

Pro Thr
255

Ser Lys

Ser Leu

Lys Leu

Ala Ser
320

Pro Asn
335

ctgeccccaac
gagtgctagt
tgggtccaat
ttacgectet
cactccatgyg
aggtgattgg
cagtcatget
cagettgttt
cttgtcaget
tcccattgat
cctgttaaag

tcctecatte

60

120

180

240

300

360

420

480

540

600

660

720
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-continued
taccegtate ctctgectta ttggtctgga tacagtcectyg cagagccccece aaagaaagag 780
gagacacatyg aagtggtgaa gccaactgcg gtgctttcca aaagcccaat caatgtggat 840
gaacttgteg gcatgtcaaa actgagtttg ggagactcca ttggtgactc tggecccctec 900
tctetgtete gaaaactegt cgaagaagga ccttccagac aatcagettt tcatgctact 960
ccagcatgtg gcagttcaaa tataaatggc agtgtcatac atgcagttta a 1011

<210> SEQ ID NO 64
<211> LENGTH: 336

<212> TYPE:
<213> ORGANISM: Lotus

PRT

<400> SEQUENCE: 64

japonicus

Met Thr Arg Arg Cys Ser His Cys

1

Thr

Gly

Gly

Pro

65

Glu

Gly

Gln

Ile

Ile

145

Asp

Phe

Leu

Thr

Ile

225

Tyr

Pro

Ser

Ser

Lys
305

Pro

Cys

Ser

Ser

50

Gly

Asp

Thr

Lys

Ser

130

Arg

Ile

Leu

Pro

Asn

210

Pro

Pro

Lys

Lys

Leu
290

Leu

Ala

Pro

Ile

Gly

Glu

Phe

Pro

Leu

115

Arg

Gln

Val

Ser

Ala

195

Ser

Pro

Tyr

Lys

Ser
275
Gly

Val

Cys

Asn Arg Gly Val Lys

20

Arg Lys Ser Ala Ser

40

Ser Gly Pro Leu Leu

55

Thr Pro Asp His Ala

70

Val Pro Gly Ser Ser

85

Trp Thr Glu Glu Glu

100

Gly Lys Gly Asp Trp

120

Thr Pro Thr Gln Val

135

Ser Asn Val Ser Arg
150

Ala Asp Asp Ala Ser

165

Ala Asn Gln Leu Gln

180

Pro Pro Pro Ile Asp

200

Ile Asp Gly Asp Ser

215

Thr Tyr Pro Val Leu
230

Pro Leu Pro Tyr Trp

245

Glu Glu Thr His Glu

260

Pro Ile Asn Val Asp

280

Asp Ser Ile Gly Asp

295

Glu Glu Gly Pro Ser
310

Gly Ser Ser Asn Ile

Ser His Gly
10

Leu Phe Gly
25

Met Gly Asn

Gly Gly Ser

Ala Ala Ala

75

Ser Ser Ser
90

His Arg Met
105

Arg Gly Ile

Ala Ser His

Arg Lys Arg

155

Asp Thr Pro
170

Thr Glu Thr
185

Glu Glu Cys

Ala Leu Leu

Tyr Pro Ala
235

Ser Gly Tyr
250

Val Val Lys
265

Glu Leu Val

Ser Gly Pro

Arg Gln Ser

315

Asn Gly Ser

Gly His Asn Ala Arg
15

Val Arg Leu Thr Asp
30

Leu Thr His Tyr Thr
45

Asn Asn Pro Asp Ser
60

Asp Gly Tyr Ala Ser
80

Arg Glu Arg Lys Lys
95

Phe Leu Leu Gly Leu
110

Ala Arg Asn Tyr Val
125

Ala Gln Lys Tyr Phe
140

Arg Ser Ser Leu Phe
160

Met Val Glu Gln Asp
175

Glu Gly Asn Asn Pro
190

Glu Ser Met Asp Ser
205

Lys Pro Asp Thr Pro
220

Tyr Tyr Pro Pro Phe
240

Ser Pro Ala Glu Pro
255

Pro Thr Ala Val Leu
270

Gly Met Ser Lys Leu
285

Ser Ser Leu Ser Arg
300

Ala Phe His Ala Thr
320

Val Ile His Ala Val
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-continued

325 330 335
<210> SEQ ID NO 65
<211> LENGTH: 927
<212> TYPE: DNA
<213> ORGANISM: Lotus japonicus
<400> SEQUENCE: 65
atgtctcgeca cgtgctcaca gtgcggcaac aacggccaca actcccgcac atgcaccgac 60
accgecgeceg ctggagacaa cggcatcatg ctetteggeg tgcgectcac cgaaggcetcece 120
acctectect ccgecttecat caggaagage gectagcatga acaacctcete ccagtataac 180
gaacccgaat ccaaccccge tgacgcagcet ggctacgect cecgacgacgt cgttcatccce 240
tcegeacgeg cccgegaccg caagcgaggt gtgecttgga cggaagaaga acacaaactg 300
tttetgttgg gattgcataa agtggggaag ggagattgga gaggaatttc tagaaactte 360
gtcaaaactc gcacacccac tcaggttgct agtcatgctce agaagtattt ccteccgeegt 420
cacaaccata accgccggceg ccggagatcet agectttteg acatcaccac cgatacggtg 480
atggaatctt caacaataat ggaggaagaa caagatcagc aagaaatggt gccgccagcet 540
accteegeeg tgtatccgece gttacattac ggtggcettece acggcccage gtttcecaatg 600
getetgtete cggtggtatt gecggtggece ggaggggaaa gaccggcaag gecgattagg 660
ccaacgccga ttttecctgt gectcegtet tetaagatgg ctagtttgaa cttgaaagag 720
aaagcagctt ctccttecce ttetteteca tttgagecte taccgetgte getgaagetg 780
cagccatcte cgcegecgte caaggatcat tcetccggcaa ccagtageca ctegtcegeca 840
tcatcgcegt cttettcatce atcttttcag getatgtetyg cagggaagtt cageggtggt 900
ggagatagca ttattagtgt tgcttga 927

<210> SEQ ID NO 66
<211> LENGTH: 308
<212> TYPE: PRT

<213> ORGANISM: Lotus

<400> SEQUENCE: 66

japonicus

Met Ser Arg Thr Cys Ser Gln Cys

1 5

Thr Cys Thr Asp Thr Ala Ala Ala

20

Gly Val Arg Leu Thr Glu Gly Ser

35

40

Lys Ser Ala Ser Met Asn Asn Leu

50

55

Asn Pro Ala Asp Ala Ala Gly Tyr

65 70

Ser Ala Arg Ala Arg Asp Arg Lys

85

Glu His Lys Leu Phe Leu Leu Gly

100

Trp Arg Gly Ile Ser Arg Asn Phe

115

120

Val Ala Ser His Ala Gln Lys Tyr

130

135

Arg Arg Arg Arg Arg Ser Ser Leu
145 150

Gly Asn Asn
10

Gly Asp Asn
25

Thr Ser Ser

Ser Gln Tyr

Ala Ser Asp
75

Arg Gly Val
90

Leu His Lys
105

Val Lys Thr

Phe Leu Arg

Phe Asp Ile
155

Gly His Asn Ser Arg
15

Gly Ile Met Leu Phe
30

Ser Ala Phe Ile Arg
45

Asn Glu Pro Glu Ser
60

Asp Val Val His Pro
80

Pro Trp Thr Glu Glu
95

Val Gly Lys Gly Asp
110

Arg Thr Pro Thr Gln
125

Arg His Asn His Asn
140

Thr Thr Asp Thr Val
160



US 8,859,851 B2

93

94

-continued

Met Glu Thr

165

Ile Met Glu Glu Glu

170

Ser Ser Gln Asp Gln

Val Ala

180

Pro Pro Thr Ser Ala Val Tyr Pro Pro Leu His

185
Phe Ala

Phe Met

200

Ala Val

205

His Gly Pro Pro Leu Ser Pro

195
Val Ala
210

Gly Gly Glu Pro Ala Pro Ile Pro

215

Arg Arg Arg

220

Phe
225

Val Met Ala Ser Leu Asn

235

Ser Ser

230

Pro Pro Pro Lys

Ala Ala Pro Phe Glu Pro

250

Pro Ser Pro Ser Ser

245

Lys Ser

Gln Pro Pro Ser

265

Leu Pro Ser Pro

260

Ser Leu Lys Lys Asp

Ala Thr Ser

285

Pro Ser Ser Pro Ser

280

Ser Ser His Ser Ser

275
Phe Gln
290

Ala Met Ser Ala Gly Phe Ser

295

Lys Gly Gly

300

Gly

Ile
305

Ser Val Ala

Gln

Tyr

190

Val

Thr

Leu

Leu

His

270

Ser

Asp

Glu
175

Met
Gly Gly
Leu Pro
Ile

Pro

Glu
240

Lys

Pro Leu

255

Ser Pro

Ser

Ser

Ser Ile

What is claimed is:
1. A transgenic plant comprising:

a first transgene that contains a first nucleic acid sequence
operably linked to a promoter, the first nucleic acid
sequence encoding a MYBS3 protein having the
sequence of SEQ ID NO:1, and

second transgene that contains a second nucleic acid
sequence operably linked to a promoter, the second
nucleic acid sequence encoding a DREB1A protein hav-
ing the sequence of SEQ ID NO:4,

wherein the transgenic plant expresses both a higher level
of the MYBS3 protein and a higher level of the
DREBIA protein as compared to a host plant of the
transgenic plant that lacks the first transgene and the
second transgene, the transgenic plant being more toler-
ant to chill as compared to the host plant.

30

35

40

2. The transgenic plant of claim 1, wherein the plant is rice,
maize, wheat, barley, sorghum, sugarcane, turf grass, Mis-
canthus, switchgrass, napier grass, soybean, canola, potato,
tomato, bean, pea, or jatropha.

3. The transgenic plant of claim 2, wherein the plant is rice.

4. A method of generating the transgenic plant of claim 1,
comprising

introducing into a cell of a host plant the first transgene and

the second transgene; and

identifying and selecting a transgenic plant that is more

tolerant to chill as compared to the host plant.

5. The method of claim 4, wherein the host plant is rice,
maize, wheat, barley, sorghum, sugarcane, turf grass, Mis-
canthus, switchgrass, napier grass, soybean, canola, potato,
tomato, bean, pea, or jatropha.

6. The method of claim 5, wherein the host plant is rice.

#* #* #* #* #*



